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e No part of this manual may be reproduced in any form. 
e All specifications and designs are subject to change without notice. 








The products in this manual are controlled based on Japan’s “Foreign Exchange and 
Foreign Trade Law’. The export from Japan may be subject to an export license by the 
government of Japan. 

Further, re-export to another country may be subject to the license of the government of 
the country from where the product is re-exported. Furthermore, the product may also be 
controlled by re-export regulations of the United States government. 

Should you wish to export or re-export these products, please contact FANUC for advice. 








In this manual we have tried as much as possible to describe all the various matters. 
However, we cannot describe all the matters which must not be done, or which cannot be 
done, because there are so many possibilities. 

Therefore, matters which are not especially described as possible in this manual should be 
regarded as “impossible”. 








This manual contains the program names or device names of other companies, some of 
which are registered trademarks of respective owners. However, these names are not 
followed by ® or ™ in the main body. 











The parameters described in this manual must be set correctly according to the relevant 
descriptions. If the parameters are not set correctly, vibrations and unpredictable motions 
can occur. When setting and updating the parameters, place top priority on safety in 
operation by taking actions, such as heightening the speed step by step and performing an 
operation so that an emergency stop can be initiated immediately, until the settings are 
confirmed to be appropriate. 
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DEFINITION OF WARNING, CAUTION, AND NOTE 





This manual includes safety precautions for protecting the user and 
preventing damage to the machine. Precautions are classified into 
Warning and Caution according to their bearing on safety. Also, 
supplementary information is described as a Note. Read the Warning, 
Caution, and Note thoroughly before attempting to use the machine. 


/A\ WARNING 
Applied when there is a danger of the user being 
injured or when there is a damage of both the user 
being injured and the equipment being damaged if 
the approved procedure is not observed. 


/A\ CAUTION 


Applied when there is a danger of the equipment 
being damaged, if the approved procedure is not 
observed. 


NOTE 
The Note is used to indicate supplementary 
information other than Warning and Caution. 





- Read this manual carefully, and store it in a safe place. 
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PREFACE 





This manual describes the parameters and functions of the FANUC 
servo amplifier oi/Bi series spindle. This manual is divided into four 
parts and appendix. Part I describes the oi series spindle, Part I 
describes the fi series spindle, Part III describes the Ci series spindle, 
and Part IV describes the BiS series spindle. 

Unless otherwise noted, the parameter numbers for FANUC Series 167 
are used in the text. When using any other model, reference the 
corresponding parameter numbers. 

The table below indicates the abbreviated model names used with the 
parameter numbers. 


Abbreviated model | Abbreviated model 
name in text name in table 
FANUC Series 30: Series 30: 
FANUC Series 317 Series 31i 
FANUC Series 32: Series 32i 
FANUC Series 16: Series 16: 
FANUC Series 18: Series 18 
FANUC Series 21: Series 21i 
FANUC Series 0: Series 0i 
FANUC Series 157 Series 15: 


Product name 






































For detailed information indicating which model each function 
described in this manual can be used with, refer to the manual of each 
CNC. For the package specifications, in particular, refer to the CNC 
manual. 


The manuals related to the ai/Bi series spindle are listed below. 
(1) FANUC AC SPINDLE MOTOR ai series DESCRIPTIONS 
(B-65272EN) 
(2) FANUC AC SPINDLE MOTOR aCi series DESCRIPTIONS 
(B-65372EN) 
(3) FANUC AC SPINDLE MOTOR fi series DESCRIPTIONS 
(B-65312EN) 
(4) FANUC SERVO AMPLIFIER ai series DESCRIPTIONS 
(B-65282EN) 
(5) FANUC SERVO AMPLIFIER fi series DESCRIPTIONS 
(B-65322EN) 
(6) FANUC SERVO MOTOR ais/ai series, 
FANUC SPINDLE MOTOR ai series, 
NUC SERVO AMPLIFIER ai series 
MAINTENANCE MANUAL (B-65285EN) 
(7) FANUC SERVO MOTOR Bis series, 
N 








UC SPINDLE MOTOR Bi series, 
FANUC SERVO AMPLIFIER fi series 
MAINTENANCE MANUAL (B-65325EN) 
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1.1 START-UP PROCEDURE 


A. Check the spindle-related specifications. 
CNC model 


Spindle motor 

Common power supply (PS) 
Spindle amplifier 

Detector system 





B. Check all connections. (See DESCRIPTIONS (B-65272EN).) 


C. Prepare and check the PMC ladder program. 





D. Check the CNC parameter setting for using the ai series 
(Serial) spindle. (See Subsection 1.2.1.) 


E. Perform automatic ai series (Serial) spindle parameter H. When using a machine in a system 
initialization. (See Subsection 1.2.2.) that has already been started, load all 
- Seta motor model code and the parameter enabling use CNC parameters for the machine. 
of the automatic parameter initialization function, then turn 
the CNC off and then on again. 


F. Change parameter data (when no model code is used). 

- Fora motor for which there is no model code, perform 
automatic initialization by specifying 300 (or 400 when the 
speed range switching function is used), then change the 
parameter data according to the parameter list for the 
motor. 


G. Set the parameters related to the detectors. (See Section 1.3.) 


I. Check the waveforms of the feedback signals from detectors. 
(Refer to the MAINTENANCE MANUAL (B-65285EN).) 
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1.2 SPINDLE SERIAL INTERFACE 


1.2.1 Parameters Related to Spindle Serial Output 


This subsection provides a list of the parameters related to spindle 
serial output only. For details of each parameter, refer to the 
Connection Manual (Function) of each CNC. 
(a) For Series 161/181/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.2, “SPINDLE SERIAL OUTPUT/SPINDLE 
ANALOG OUTPUT.” 
(b) For Series 3037/3 11/321 
“FANUC Series 3072/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.2, “SPINDLE SERIAL OUTPUT.” 
(c) For Series 151 
“FANUC Series 15i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.2, “SPINDLE SERIAL OUTPUT/SPINDLE 
ANALOG OUTPUT.” 
(d) For Series 07 
“FANUC Series 0i-MODEL C 
CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.2, “SPINDLE SERIAL OUTPUT/SPINDLE 
ANALOG OUTPUT.” 





Parameter No. 
16i ; Description 





3701#1 Whether to use the serial interface 

(Set 0.) 

3716#0 Selection of a spindle (analog/serial) 

(Set 1.) 

Selection of an interface (serial/analog) 

(Set 1.) 

3701#4 Number of connectable serial spindles 
(Whether to use the second serial spindle) 
3702#1 Multi-spindle control function 

(Whether to use the multi-spindle control function) 
Motor number of each spindle 

Amplifier number of each spindle 

Spindle indication subscript (main spindle) 
Spindle indication subscript (sub-spindle) 
Spindle number selected at power-on/reset time 






































NOTE 
To use the spindle serial interface, the CNC software 
option is required. 
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1.2.2 Automatic Spindle Parameter Initialization 


(1) Parameter list 


Parameter No. a6 
15 16i 30: Description 





5607#0 4019#7 4019#7 |Function for automatically initializing spindle parameters 
3133 4133 4133 Spindle motor model code 

















(2) Procedure for automatic spindle parameter initialization 
Perform automatic spindle parameter initialization by following the 
procedure below. 


<1> Set the model code for the desired motor for automatic parameter 
initialization. 
Parameter No. 
15i 16i 30: Description 


3133 4133 4133 Model code 


NOTE 

1 The control method usable with the ai series 
spindle is spindle HRV control only. The 
conventional control method is not supported. 

2 When using a spindle motor that has no model 
code, set model code "300" ("400" for a spindle 
motor with speed range switching control) for 
automatic parameter setting, then manually input 
data according to the parameter table for each 
motor model. 








<2> Set the relevant parameter to enable automatic spindle parameter 
initialization. 

Parameter No. 

15i 16i 30: Description 


= 4019#7 4019#7 
5607#0 — — 

















NOTE 
This bit is reset to its original value after 
automatic parameter initialization. 





<3> Turn the CNC off, then on again. Then, the spindle parameters 
specified with a model code are automatically initialized. 
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1.2.3 Diagnosis (Diagnosis Screen) 


(1) For Series 16 


(2) For Series 30: 


(3) For Series 15: 


This subsection provides a list of the diagnosis (diagnosis screen) 
indications related to spindle serial output only. For details, refer to 
the Connection Manual (Function) of each CNC. 


(a) 


(b) 


(c) 


(d) 


Address 


For Series 167/187/211 

“FANUC Series 16i/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Section 9.2, “SPINDLE SERIAL OUTPUT/SPINDLE 
ANALOG OUTPUT.” 

For Series 3031/3 11/321 

“FANUC Series 30i/3 17/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Section 11.2, “SPINDLE SERIAL OUTPUT.” 

For Series 151 

“FANUC Series 157-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.2, “SPINDLE SERIAL OUTPUT/SPINDLE 
ANALOG OUTPUT.” 

For Series 0 

“FANUC Series 0i7-MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 

Refer to Section 9.2, “SPINDLE SERIAL OUTPUT/SPINDLE 
ANALOG OUTPUT.” 





Description 
Information including spindle control 





Information about spindle serial output interface communication errors 








Information about spindle serial output interface activation 


Address Description 


Information including spindle control 





400 
408 





Information about spindle serial output interface communication errors 





Address Description 
1500 Information about spindle serial output interface communication errors 
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1.2.4 Alarm 





This subsection provides a list of the alarms related to spindle serial 
output only. For details of each alarm, refer to the Connection Manual 
(Function) of each CNC. 
(a) For Series 161/181/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.2, “SPINDLE SERIAL OUTPUT/SPINDLE 
ANALOG OUTPUT.” 
(b) For Series 3037/3 11/321 
“FANUC Series 307/311/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.2, “SPINDLE SERIAL OUTPUT.” 
(c) For Series 151 
“FANUC Series 15i7-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.2, “SPINDLE SERIAL OUTPUT/SPINDLE 
ANALOG OUTPUT.” 
(d) For Series 07 
“FANUC Series 0i-MODEL C 
CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.2, “SPINDLE SERIAL OUTPUT/SPINDLE 
ANALOG OUTPUT.” 





(1) For Series 16: 


A serial communication error occurred while the system was being activated after power-on. 
The (serial) spindle amplifier was not activated normally at power-on time. 


(2) For Series 15i and Series 30: 


Alarm No. 
15i 











Description 


Before a spindle to be controlled is set correctly, a command for using the spindle was 
executed. 

SP0201 The same motor number other than 0 is set more than once in parameter No. 5841. 

SP0202 A spindle number greater than the number of spindles is set in parameter No. 5850. 

The cable connected to the serial spindle amplifier is disconnected, or no serial spindle 
amplifier is connected. 

SP0221 — The correspondence between spindle numbers and motor numbers is incorrect. 

A CRC error (communication error) occurred in communication between the CNC and serial 
spindle amplifier. 

SP0226 SP1226 [A framing error occurred in communication between the CNC and serial spindle amplifier. 
SP0227 SP1227 |A receive error occurred in communication between the CNC and serial spindle amplifier. 

A communication error occurred in communication between the CNC and serial spindle 
amplifier. 

A communication error occurred in communication between serial spindle amplifiers (between 
motor numbers 1 and 2 or between motor numbers 3 and 4). 

A communication error occurred in communication between serial spindle amplifiers (between 
an odd-numbered amplifier and even-numbered amplifier). 


PS0223 











SP0220 SP1220 








SP0225 SP1225 











SP0228 SP1228 





SP0229 





— SP1229 





SP0230 The value set in parameter No. 5841 is not within the allowable range. 
SP0970 Spindle control initialization was not terminated. 
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Alarm No. 





15: 
SP0976 


Description 


No amplifier number could be set for a serial spindle amplifier. 





SP0978 


A time-out was detected in communication with a serial spindle amplifier. 





SP0979 


The communication sequence was incorrect in communication with a serial spindle amplifier. 





SP0980 


SP1980 to 
SP1984 


The SIC-LSI on the serial spindle amplifier side is faulty. 





SP0981 


An error occurred when data was written to the SIC-LSI on the serial spindle amplifier side. 





SP0982 


An error occurred when data was read from the SIC-LSI on the serial spindle amplifier side. 





SP0983 


An alarm on the spindle amplifier side could not be cleared. 





SP0984 


An error occurred during spindle amplifier reinitialization. 





SP0985 
SP0987 


SP1985 to 
SP1987 


Automatic parameter setting failed. 


The SIC-LSI on the CNC side is faulty. 





SP0996 


The assignment of spindles and spindle motors is incorrect. 





SP1245 to 
SP1247 


A communication data error was detected on the CNC side. 





SP1976 to 
SP1979 


An error occurred with the spindle control software. 





SP1988 to 
SP1989 


An error occurred with the spindle control software. 








SP1996 








Spindle motor assignment is incorrect. Check the parameters indicated hereafter. 
(No.3716,No.3717) 
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PARAMETERS RELATED TO DETECTORS 





NOTE 
1 Note that the specifications of parameters related 
to detectors for the ai series spindle amplifiers 
differ from those of parameters for the a series 
spindle amplifiers. 
The terms "motor sensor" and "spindle sensor" 
used in the text mean the speed/position detectors 
connected to the connectors described below. 
(i) Motor sensor : 
Detector connected to connector JYA2 
(aiM sensor, aiMZ sensor, aiBZ sensor of a 
built-in motor, aiCZ sensor of a built-in motor) 
(ii) Spindle sensor : 
Detector connected to connector JYA3 or JYA4 
(ai position coder, a position coder S, separate 
aiBZ sensor, separate aiCZ sensor, and so 





1.3.1 


List of Parameters for Detectors 


Parameter No. 
16: 


3706#1,0 


4000#0 
4001#4 





Description 


5842 
3000#0 
3001#4 


3720 
4000#0 
4001#4 


Gear ratio of spindle to position coder (x1, x2, x4, x8) 
Number of pulses of the position coder 

Direction of spindle and spindle motor rotation 
Spindle sensor mounting direction 














3002#3,2,1,0 


4002#3,2,1,0 


4002#3,2,1,0 


Spindle sensor type setting 





3003#7,6,5,4 


4003#7,6,5,4 


4003#7,6,5,4 


Setting of the number of spindle sensor gear teeth 





3004#3,2 


4004#3,2 


4004#3,2 


External one-rotation signal (proximity switch) setting 





3006#1 


4006#1 


4006#1 


Gear ratio increment system 





3007#5 


4007#5 


4007#5 


Whether to detect disconnection of feedback signals 





3007#6 


4007#6 


4007#6 


Whether to detect alarms related to position feedback signals (on 
non-Cs contouring control mode) 





3010#2,1,0 


4010#2,1,0 


4010#2,1,0 


Motor sensor type setting 





3011#2,1,0 


4011#2,1,0 


4011#2,1,0 


Setting of the number of motor sensor gear teeth 





3016#5 


4016#5 


4016#5 


Whether to detect alarms related to position feedback (in Cs 
contouring control mode) 





3016#6 


4016#6 


4016#6 


Whether to detect alarms related to threading feedback 





3016#7 


4016#7 


4016#7 


Setting of the function of detecting the one-rotation signal again 
each time position control mode is set. 





3394#2 


4394#2 


4394#2 


Setting of the detection lower limit of the one-rotation signal 





339445 


4394#5 


4394#5 


Whether to detect the alarm related to spindle sensor polarity 
erroneous setting 





3056 to 3059 


4056 to 4059 


4056 to 4059 


Spindle-to-motor gear ratio data (This data is selected by spindle 
control input signals CTH1A and CTHZ2A.) 





3098 





4098 





4098 








Maximum speed for position feedback signal detection 
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Parameter No. 





16i 


Description 


Denominator of arbitrary gear ratio between motor sensor and 
spindle 
(This data is selected by spindle control input signal CTH1A.) 





Numerator of arbitrary gear ratio between motor sensor and 
spindle 
(This data is selected by spindle control input signal CTH1A.) 





Arbitrary number of motor sensor teeth 





Motor sensor signal amplitude ratio compensation 





Motor sensor signal phase difference compensation 





Spindle sensor signal amplitude ratio compensation 





Spindle sensor signal phase difference compensation 





Arbitrary number of spindle sensor teeth 

















Denominator of arbitrary gear ratio between spindle sensor and 
spindle 

This data is selected by spindle control input signal CTH1A. 
Numerator of arbitrary gear ratio between spindle sensor and 
spindle 

(This data is selected by spindle control input signal CTH1A.) 
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1.3.2 Details of Parameters for Detectors 


157 167 301 
3000 4000 4000 


ROTAI 


157 167 301 
3001 4001 4001 


SSDIRC 


157 167 301 
3002 4002 4002 


SSTYP3 to SSTYPO 


This subsection details the serial spindle parameters (in the four 
thousands for 167, and in the four thousands for 307, and in the three 
thousands for 157) among the detector-related parameters. For details 
of other parameters, refer to the Connection Manual (Function) of 
each CNC. 
(a) For Series 167/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3021/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(d) For Series 07 

“FANUC Series 0i-MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 

Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 





#7 #6 #5 #4 #3 #2 #1 #0 
er (aia (ea ees ay es ee 
Indicates the relationship between the rotation directions of spindle 
and spindle motor. 


0: Rotates the spindle and spindle motor in the same direction. 
1: Rotates the spindle and spindle motor in the reverse direction. 


#7 #6 #5 #4 #3 #2 #1 #0 
| TT soc] | | 
Indicates the mounting direction of spindle sensor. 


0: Rotates the spindle and spindle sensor in the same direction. 
1: Rotates the spindle and spindle sensor in the reverse direction. 


#7 


#6 #5 #4 #3 #2 #1 #0 
| tT | | sve | sstvP2 | sstvpt | sstvPo | 


Spindle sensor type 
This parameter sets the type of a separate detector to be attached to the 
spindle (detector to be connected to connector JY A3 or JYA4). 
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SSTYP3 SSTYP2 SSTYP1 SSTYPO Spindle sensor type 
None (No position control function is used.) 
Uses the motor sensor for position feedback 








ai position coder 
Separate aiBZ sensor, aiCZ sensor 
a position coder S 























NOTE 
When using a rectangular wave phase A/B, 
1024-p/rev position coder, set the same settings as 
for the ai position coder (0,0,1,0). 





157 167 30 


#7 #6 #5 #4 #3 #2 #1 #0 


PCPL2, PCPL1, PCPLO, PCTYPE Gear teeth number setting of the spindle sensor 
This parameter sets the number of teeth of a separate detector to be 


attached to the spindle (detector to be connected to connector JY A3 or 
JYA4). 


Gear teeth number of 
the spindle sensor 
256A/rev 
128,/rev 
512d/rev 
64)/rev 
768X/rev 
1024)/rev 
384A/rev 


PCTYPE 
































NOTE 

1 Set"0, 0, 0, 0" when using an ai position coder (bits 
3, 2, 1, 0 of No. 4002 = 0, 0, 1, 0) or an a position 
coder S (bits 3, 2, 1, 0 of No. 4002 = 0, 1, 0, 0). 
When the motor sensor is used for position 
feedback (bits 3, 2, 1, 0 of No. 4002 = 0, O, 0, 1), 
this parameter need not be set. 





15i 161 =~ 30i #7 


#6 #5 #4 #3 #2 #1 #0 
soos 4004 4ooe | || |r| exter | | 


EXTRF, RFTYPE — External one-rotation signal setting 
This parameter sets the type of an external one-rotation signal 
(proximity) switch to be attached to the spindle (to be connected to 
connector JY A3). 
External one-rotation signal 
(proximity switch) 
None 
Detects the leading edge. 
Detects the trailing edge. 


RFTYPE 
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151 161 307 #7 #6 #5 #4 #3 #2 #1 #0 
soos aos 400g {| | crue] 
GRUNIT _ Sets a gear ratio setting resolution: 

0: 1/100 unit 

1: 1/1000 unit 

Select a gear ratio data setting resolution from the following: 

(a) Resolution based on motor rotation increased by a factor of 100 

relative to one spindle rotation 
(b) Resolution based on motor rotation increased by a factor of 1000 
relative to one spindle rotation 
Depending on the setting of this parameter, the increment system of 
the parameters indicated in the table below changes. 
Parameter No. ee 
Description 
15% 163 30: 
3056 to 3059 | 4056 to 4059 | 4056 to 4059 |Spindle-to-motor gear ratio data 
NOTE 
Usually, use the 1/100 unit (setting "0"). 
1Si 16 307 #7 #6 #5 #4 #3 #2 #1 #0 
PCLS Determines feedback signal disconnection detection. 


PCALCH 


0: Performs disconnection detection. 

1: Does not perform disconnection detection. 

When this bit is set to "0", spindle alarms 27 (Position coder signal 
disconnection), 73 (Motor sensor disconnection), and 84 (Spindle 
sensor disconnection) are checked. 


NOTE 
1 Usually, set “O”. 
2 When adjusting the waveform of a motor/spindle 


sensor feedback signal, set "1" temporarily to 
disable disconnection detection. After completion 


of adjustment, be sure to return the setting to 
"0" to enable disconnection detection. 





Determines whether to use alarms related to position feedback signals 
(on non-Cs contouring control mode). 

0: Detects alarms. 

1: Does not detect alarms. 

When this bit is set to "0", spindle alarms 41, 42, 47, 81, 82, 83, 85, 
86, and 87 are checked. 
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15i 161 = 330i #7 


#6 #5 #4 #3 #2 #1 #0 
soo acto oro |_| | || stvp2 [stv |MstvPo| 


MSTYP2, MSTYP1, MSTYPO Motor sensor type 
This parameter sets the type of a detector built into the motor (detector 
to be connected to JYA2). 


MSTYP2 MSTYP1 MSTYPO Motor sensor type 








0 0 0 aiM sensor 
0 0 4 aiMZ, aiBZ, aiCZ sensor 
151 161 30 


#7 #6 #5 #4 #3 #2 #1 #0 
sor gore aor LPs | vor | vrs | 


VDT1 to VDT3 — Gear teeth number setting of the motor sensor 
This parameter sets the number of teeth of a detector built into the 
motor (detector to be connected to JY A2). 


Gear teeth number of the motor sensor 
64)/rev 
128,/rev 
256A/rev 
512)/rev 
192) /rev 
384X/rev 


























NOTE 
When using a sensor with aiCZ sensor 768 A/rev or 
1024 A/rev, set 0,0,0 in this parameter, and set 768 
or 1024 in the parameter specifying an arbitrary 
number of motor sensor teeth (parameter No. 
4334). 





Motor models and corresponding aiM and aiMZ sensors 
Number of gear teeth of the detection 
ring on the aiM or aiMZ sensor 

ail0.5 641 /rev 
ail to ail3 128)/rev 
ail6 to ail50 
ailP12 to ailP60 


Motor model 








256A/rev 








15i 16i 303 #7 #6 #5 #4 #3 #2 #1 #0 


sors 4016 4016 [RecHK3|RFCHK2|RFcHKt| | | | | 


RFCHK1 Determines whether to detect alarms related to position feedback (in 
Cs contouring control mode). 
0: Does not detect alarms. 
1: Detects alarms. 
When this bit is set to "1", Spindle alarms 81, 82, 85, and 86 are 
checked. 
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157 
3394 


RFCHK2 


RFCHK3 


167 301 
4394 4394 


ZPHDTC 


A21DEN 


Determines whether to detect the alarm related to threading position 
detection signal feedback (spindle alarm 46). 

0: Does not detect alarms. 

1: Detects alarms. 


Setting of the function of detecting the one-rotation signal again each 

time position control mode is set. 

0: The one-rotation signal is not detected each time the operating 
mode changes. 
Once the one-rotation signal has been detected, it is not detected 
again until the power goes off. 

1: The one-rotation signal is detected each time the operating mode 
changes. 


#7 #6 #5 #4 #3 #2 #1 #0 


A21DEN ZPHDTC 


Sets the detection lower limit of the one-rotation signal. 

0: The one-rotation signal is detected when the spindle speed is 10 
min’! or more. 

1: The one-rotation signal is detected regardless of the spindle 
speed. 


NOTE 

1 This parameter is valid with 9D50 series E (05) 
edition or later, 9070 series A (01) edition or later, 
and 9D80 series A (01) edition or later. 
This parameter is enabled when the spindle sensor 


is an ai position coder or a position coder S. 

When the spindle sensor is the aiMZ/aiBZ/aiCZ 
sensor, if the spindle speed is 10 min’' or more, the 
one-rotation signal is detected regardless of the 
setting of this parameter. 





Whether to detect the spindle sensor polarity erroneous setting alarm 

(spindle alarm 21). 

0: The spindle sensor polarity erroneous setting alarm is detected. 

1: The spindle sensor polarity erroneous setting alarm is not 
detected. 

When the spindle sensor polarity erroneous setting alarm is incorrectly 

detected due to the following reasons, set this bit to disable the alarm 

detection. 

- When the spindle is mechanically separated from the motor. 

- When the belt between the spindle and the motor slips. 


NOTE 
This parameter is valid with 9D50 series E (05) 


edition or later, 9070 series A (01) edition or later, 
and 9D80 series A (01) edition or later. 
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151 116i += 303 
3056 4056 4056 Gear ratio (HIGH) CTH1A=0, CTH2A=0 
3057 4057 = 4057 Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 
3058 4058 4058 Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
3059 4059 4059 Gear ratio (LOW) CTH1A=1, CTH2A=1 
Unit of data: (Motor rotation for one rotation of spindle) / 100 
(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
Valid data range: 0 to 32767 
Standard setting: 100 
These data are used to set the gear ratio between spindle and spindle 
motor. 
Example : 
When the spindle rotates once, set "250" as the data when the 
motor rotates 2.5 times. 
A parameter is selected with the CTH1A and CTH2A input signals. 
Set the gear or clutch status to correspond to the clutch/gear signal 
(CTHIA, CTH2A). 
NOTE 
When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 
the spindle can continue rotating without stopping at 
the time of orientation. So, be sure to set a proper 
gear ratio. 
151 161 += 303 
3098 4098 4098 
Unit of data: — 1min’' (Unit of 10 min’' when bit 2 (SPDUNT) of parameter No. 4006 
=1) 
Valid data range: 0 to 32767 
Standard setting: 0 


This parameter sets a maximum spindle speed that enables the 
detection of a motor/spindle sensor feedback signal. 

When "0" is set in this parameter, up to the maximum motor speed can 
be detected. 


NOTE 
Usually, set “O”. 
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151 = 161 = 303 
3171. 41714171 
CTH1A=0 
3172. 4172 4172 
CTH1A=0 
3173 4173 4173 
CTH1A=1 
3174. 4174 4174 
CTH1A=1 
Unit of data : 
Valid data range: 0 to 32767 
Standard setting: 0 
These parameters set conversion coefficients (numerator, 
denominator) for using the detection arbitrary gear ratio function 
(DMR function) by multiplying a motor sensor (aiM or aiMZ sensor) 
feedback signal by a gear ratio to produce a spindle position feedback 
signal. 
When the spindle rotates Q times while the motor shaft rotates P times 
(there is no common divisor other than | for P and Q), settings are: 
No. 4171 (No. 4173 when CTHIA = 1) =P 
No. 4172 (No. 4174 when CTHIA = 1) =Q 
When one of these parameters is set to "0", it is assumed to be "1". 
NOTE 
When using the external one-rotation signal 
(proximity switch), use the detection arbitrary gear 
ratio function (DMR function) by setting an arbitrary 
gear ratio between the motor sensor and spindle in 
this parameter. 
15i = 161 = 303 
3904 4904 4934 
Unit of data: — 1A/rev (Number of motor sensor teeth) 
Valid data range: 0, 32 to 4096 


Standard setting : 


0 

When the number of motor sensor teeth is other than 64, 128, 192, 256, 
384, and 512, set this parameter. 

When "0" is set in this parameter, the setting of bits 2, 1, 0 (VDT3, 
VDT2, VDT1) of parameter No. 4011 is valid. 
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157 167 301 
3355 4355 4355 
3357 4357 4357 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3356 4356 4356 
3358 4358 4358 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3361 4361 4361 


Unit of data : 
Valid data range : 
Standard setting : 


Motor sensor signal amplitude ratio compensation 
Spindle sensor signal amplitude ratio compensation 


1% 

-8 to 8 

0 

These parameters set an amplitude ratio compensation value for the 
sensor feedback signal (phase A/B of the sinusoidal wave). 

For details, refer to the Section I-4.3, “AMPLITUDE RATIO/PHASE 
DIFFERENCE COMPENSATION FUNCTION.” 


Motor sensor signal phase difference compensation 
Spindle sensor signal phase difference compensation 


1% 

-4 to 4 

0 

These parameters set a phase difference compensation value for the 
sensor signal (phase A/B of the sinusoidal wave). 

For details, refer to the Section I-4.3, “AMPLITUDE RATIO/PHASE 
DIFFERENCE COMPENSATION FUNCTION.” 


Arbitrary number of spindle sensor teeth 


1A/rev (Number of spindle sensor teeth) 

0, 64 to 4096 

0 

When the number of spindle sensor teeth is other than 64, 128, 256, 
384, 512, and 1024 set this parameter. 

When "0" is set in this parameter, the setting of bits 7, 6, 5, 4 (PCPL2, 
PCPL1, PCPLO, PCTYPE) of parameter No. 4003 is valid. 


-19- 


FANUC AC SPINDLE MOTOR «ai series 








1.START-UP FANUC BUILT-IN SPINDLE MOTOR Bil series B-65280EN/06 
15i 16i 
Denominator of arbitrary gear ratio between spindle sensor and spindle 
3500 4500 
(HIGH) CTH1A=0 
3501 4501 Numerator of arbitrary gear ratio between spindle sensor and spindle (HIGH) 
CTH1A=0 
Denominator of arbitrary gear ratio between spindle sensor and spindle 
3502 4502 
(LOW) CTH1A=1 
Numerator of arbitrary gear ratio between spindle sensor and spindle (LOW) 
3503 4503 
CTH1A=1 
Unit of data : 


Valid data range: 0 to 32767 
Standard setting: 0 
These parameters set conversion § coefficients (numerator, 
denominator) for using the detection arbitrary gear ratio function 
(DMR function) by multiplying a spindle sensor (ci position coder, a 
position coder S, separate aiBZ sensor, or separate aiCZ sensor) 
feedback signal by a gear ratio to produce a spindle position feedback 
signal. 
When the spindle rotates Q times while the motor shaft rotates P times 
(there is no common divisor other than 1 for P and Q), settings are: 
No. 4500 (No. 4502 when CTHIA = 1) =P 
No. 4501 (No. 4503 when CTHIA = 1) =Q 
When one of these parameters is set to "0", it is assumed to be "1". 


NOTE 

1 This parameter is valid with 9D50 series F (06) 
edition or later, 9070 series A (01) edition or later, 
and 9D80 series A (01) edition or later.. 

2 When this parameter is used in a configuration 
having no external one-rotation signal (proximity 


switch), set the following parameters. 

No.4007#6=1 : Alarms related to positional 
feedback signals (in non-Cs mode) 
are not detected. 

No.4016#5=0 : Alarms related to positional 
feedback signals (in Cs mode) are 
not detected. 
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1.3.3 Typical Detector Configurations 


This subsection describes typical detector configurations and the 
parameter setting procedures for the detector configurations. 

With the of series spindle, the detector circuitry hardware is set 
according to the parameter setting. For this reason, an alarm such as a 
disconnection alarm may be output while parameters related to 
detectors are being set. 

To initialize the hardware, after setting the parameters related to 
detectors, turn the power to the amplifier off once. 


(1) When position control is not exercised 
[Sample system configuration] 


Spindle motor with built-in 
aiM sensor 





Parameter No. Settings Description 
4002 #3,2,1,0 0,0,0,0 Does not exercise position control. 
Depends on the 
detector. 
Depends on the |Sets the number of motor sensor gear 
detector. teeth. 





4010 #2,1,0 


Sets the type of motor sensor. 





4011 #2,1,0 
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(2) When the ai position coder is used 
[Sample system configuration] 





Spindle motor with built-in aiM 
or aiMZ sensor) 


Directly connected or connected with a gear or 


timing belt at a ratio of 1:1 


Settings 
Depends on the 
configuration. 


Description 


Rotation directions of the spindle and 
motor 





Depends on the 
configuration. 


Spindle sensor mounting direction 





4002 #3,2,1,0 


0,0,1,0 


Uses the ai position coder as the 
spindle sensor. 





4003 #7,6,5,4 


0,0,0,0 


Sets the number of spindle sensor gear 
teeth. 





4010 #2,1,0 


Depends on the 
detector. 


Sets the type of motor sensor. 





4011 #2,1,0 


Depends on the 
detector. 


Sets the number of motor sensor gear 
teeth. 





4056 to 4059 





Depends on the 
configuration. 
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(3) When the a position coder S is used 
[Sample system configuration] 





Parameter No. 


4000 #0 






Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 





Directly connected or connected with a gear or timing 


belt at a ratio of 1:1 


Settings 
Depends on the 
configuration. 


Description 


Rotation directions of the spindle and 
motor 





4001 #4 


Depends on the 
configuration. 


Spindle sensor mounting direction 





4002 #3,2,1,0 


0,1,0,0 


Uses the a position coder S as the 
spindle sensor. 





4003 #7,6,5,4 


0,0,0,0 


Sets the number of spindle sensor 
gear teeth. 





4010 #2,1,0 


Depends on the 
detector. 


Sets the type of motor sensor. 





4011 #2,1,0 


Depends on the 
detector. 


Sets the number of motor sensor gear 
teeth. 





4056 to 4059 





Depends on the 
configuration. 


Rete 





Gear ratio between the spindle and 
motor 
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(4) When the oiMZ, aiBZ, or aiCZ sensor is used 


[Sample system configuration 1] 





Spindle motor with built-in 
aiMZ sensor 


[Sample system configuration 2] 





aiBZ sensor or aiCZ sensor 


Spindle + 
built-in motor 


[Sample system configuration 3] 





Parameter No. 


4000 #0 


Spindle motor with built-in 
aiMZ sensor 


Directly connected or connected with a gear or 
timing belt at a ratio of 1:1 


Settings 
0 


Description 
Rotation directions of the spindle and motor 





4002 #3,2,1,0 


Uses the motor sensor for position 
feedback. 


0,0,0,1 





4010 #2,1,0 


Uses the aiMZ , aiBZ, or aiCZ sensor as 


Ons the motor sensor. 





4011 #2,1,0 


Depends on 
the detector. 


Sets the number of motor sensor gear teeth. 





4056 to 4059 





Gear ratio between the spindle and motor 


100 or 1000 pe4 
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(5) When the separate type oiBZ sensor or separate type aiCZ sensor is used 


[Sample system configuration] 


Parameter No. 


4000 #0 





Settings 
Depends on the 
configuration. 


Spindle motor with built-in aiM 
sensor (or aiMZ sensor) 


Spindle 





aiBZ sensor or aiCZ sensor 


Description 
Rotation directions of the spindle and 
motor 





4001 #4 


Depends on the 
configuration. 


Spindle sensor mounting direction 





4002 #3,2,1,0 


0,0,1,1 


Uses the aiBZ sensor or aiCZ sensor 
as the spindle sensor. 





4003 #7,6,5,4 


Depends on the 
detector. 


Sets the number of spindle sensor 
gear teeth. 





4010 #2,1,0 


4011 #2,1,0 


Depends on the 
detector. 
Depends on the 
detector. 


Sets the type of motor sensor. 


Sets the number of motor sensor gear 
teeth. 





4056 to 4059 





Depends on the 
configuration. 


Bete 





Gear ratio between the spindle and 
motor 
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(6) When the external one-rotation signal (proximity switch) is used 
[Sample system configuration] 






Parameter No. 


4000 #0 







Settings 
Depends on the 
configuration. 


External one-rotation 
signal (proximity switch) 


Spindle motor with built-in aiM 
sensor (or aiMZ sensor) 





\ 


Gear or timing belt 


Description 
Rotation directions of the spindle and 
motor 





4002 #3,2,1,0 


0,0,0,1 


Uses the motor sensor for position 
feedback. 





4004 #2 


1 


Uses the external one-rotation signal. 





4004 #3 


Depends on the 
detector. 


Sets the external one-rotation signal 
type. 





4010 #2,1,0 


Depends on the 
detector. 


Sets the type of motor sensor. 





4011 #2,1,0 


Depends on the 
detector. 


Sets the number of motor sensor gear 
teeth. 





4056 to 4059 


Depends on the 
configuration. 


Gear ratio between the spindle and 
motor 





4171 to 4174 





Depends on the 
configuration. 
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(7) When the axis on which the spindle sensor is mounted is not the spindle 


[Sample system configuration] 







Parameter No. 


4000 #0 








ratio of 1:1 


Settings 
Depends on the 
configuration. 


Directly connected or connected 
with a gear or timing belt at a 


Spindle motor with built-in 
oiM sensor 


Gear or 
timing belt 


Description 


Rotation directions of the spindle and 
motor 





4001 #4 


Depends on the 
configuration. 


Spindle sensor mounting direction 





4002 #3,2,1,0 


Depends on the 
configuration. 


Type of spindle sensor 





4003 #7,6,5,4 


Depends on the 
detector. 


Sets the number of spindle sensor gear 
teeth. 





4010 #2,1,0 


0, 0,0 


Uses the aiM sensor as the motor 
sensor. 





4011 #2,1,0 


Depends on the 
detector. 


Sets the number of motor sensor gear 
teeth. 





4007 #6 


Alarms related to positional feedback 
signals (in non-Cs mode) are not 
detected. 





4016 #5 


0 


Alarms related to positional feedback 
signals (in Cs mode) are not detected. 





4056 to 4059 


Depends on the 
configuration. 


Gear ratio between the spindle and 
motor 





4500 to 4503 


NOTE 
Those functions such as the orientation function that 
require a one-rotation signal cannot be used. 





Depends on the 
configuration. 


OTs 





Arbitrary gear ratio between the spindle 
sensor and spindle 
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2.1 VELOCITY CONTROL MODE 


2.1.1 Start-up Procedure 


A. Check that the serial spindle starts up normally and is ready for 
operation. 
B. Prepare and check the PMC ladder. 


C. Set the detector-related parameters according to the system 
configuration. 


D. Set the parameters related to spindle speed specification. 
E. Check that the spindle rotates at the desired speed. 


F. Make a velocity loop gain adjustment as required. 
e No.4040, 4041 : Velocity loop proportional gain 


e No.4048, 4049 : Velocity loop integral gain 





2.1.2 Overview 


The velocity control mode is a function for exercising velocity control 
to rotate the spindle motor according to a velocity command from the 
CNC. 


NOTE 
On a CNC screen (such as the spindle monitor 


screen and the adjustment screen), the velocity 
control mode is indicated as "NORMAL 
OPERATION MODE". 





2.1.3 | System Configuration 


The velocity control mode is applicable to all detector configurations. 
For system configurations, see Subsection 1.3.3, "TYPICAL 
DETECTOR CONFIGURATIONS". 
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2.1.4 List of I/O Signals (CNC<>PMC) 


This subsection provides a list of the I/O signals related to the velocity 
control mode only. For details of each signal, refer to the Connection 


Manual (Function) of each CNC. 


(a) 


(b) 


(c) 


(d) 


For details of the I/O signals common to the CNCs, see Chapter 3, 


For Series 167/187/211 

“FANUC Series 16i/18i/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
For Series 301/3 11/321 

“FANUC Series 30i/3 17/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
For Series 151 

“FANUC Series 157-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
For Series 01 

“FANUC Series 0i7-MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 








"I/O SIGNALS (CNC © PMC)", in Part I. 


(1) Input signals(PMC->CNC) 


(a) Series 167 


Common to all axes 


Common to all axes 
Common to all axes 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


G027 


G028 
G029 
G030 


G032 
G034 


G033 
G035 








| Rosi | ro7!_| Roe | ost | Roa | Rosi | Roa | Rot | 
| Rosiz | Rov | Roe2 | Rosi2 | Ros | Rosiz | Rozz | Rovi2 | 
[so | ssn [| son | [ria | ri [rio | root | 
Lsinoz | ssin2 | scnz] [ta [ rt | rio | Rosie | 
NOTE 
*1 These signals are valid in multi-spindle control. 


#1 


#7 #6 #5 #4 #3 #2 #0 
a 2 
(*1) (*1) (*1) (*1) 
es eee a) 


[see [sor fom] | | | 


-30- 


B-65280EN/06 


FANUC AC SPINDLE MOTOR «ai series 
B-65280EN/06__ FANUC BUILT-IN SPINDLE MOTOR Bil series _2.EXPLANATION OF OPERATION MODES 


(b) Series 30: 


Common to all axes 


Common to all axes 
Common to all axes 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


(c) Series 157 


(d) Common to CNCs 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


151 161 
G227 G070 
G235 G074 
G226 GO071 
G234 G075 
G229 G072 
G237 G076 


G027 


G028 
G029 
G030 


G032 
G034 


G033 
G035 


G005 






#7 #6 #5 #4 #3 #2 #1 #0 
ee ee ee 

(*1) (*1) (*1) (*1) 
ee el ee om 
(_[sse[som[or] | | | 





[roar [non] roo | ros [ oa [ oa | roa | row | 
Froeiz | nore | rose | rose | roan | rose | roam | ror | 


[so | ssn | son | [ria | rim {rio | root | 
| sinoz | ssina | sonz] | ta | rt | rior | Rosie | 
NOTE 
*1 These signals are valid in multi-spindle control. 


#7 #6 #5 #4 #3 #2 #1 #0 


Tava [rea | mica | mwa | moa | naa | nia | Ron 
Pave [roe | se | mwa | nes | ras | ave | roe 


riscna} | | riiza | ritta | ritoa | ria | risa | 
riscnB] | rnize | itis | ritos | ries | rie | 


#7 #6 #5 #3 #2 #1 #0 


#4 
furove} [seme | seve [ome | eras [rome | rum | 


| | | socna] | espa] 
- | | fsocns] | esr] 
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(2) Output signals (CNC-—>PMC) 


(a) Series 167 


(b) Series 16: 


F001 
FOO7 
FO22 
F023 
F024 
F025 
F034 


F036 
F037 


F001 
FOO7 
FOQ22 
F023 
F024 
F025 
F034 


F036 
F037 














[raao | nore | rose | nas | noo | roo | ro | 
Es ar Cg 


[aso | wore [rose | noo | movo | roao | R020 
a Te ea 


NOTE 
*1 These signals are valid with the M series only. 


B-65280EN/06 


FANUC AC SPINDLE MOTOR «ai series 
FANUC BUILT-IN SPINDLE MOTOR Bil series _2.EXPLANATION OF OPERATION MODES 


(b) Series 157 


(c) Common to CNCs 


1st- 
2nd- 


Common to all axes 
Common to all axes 
Common to all axes 
Common to all axes 
Common to all axes 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


151 161 
F229 F045 
F245 F049 


F008 
F020 
F021 
FQ22 
F023 
F045 


F010 
F320 


F11 
F321 


F014 
F324 


F015 
F325 


F234 
F250 


F235 
F251 


F341 
F342 





| | srsrovy | | 


[ova [ Rosa | Ros | Rosa | Roza | Roza | Ror | Rom | 


[oisa [ nova | RO1sA | Rovaa | Roria [ Roria | Rowen | Roma | 


Twnva [ wnea | wisn | ween | wean | wren | wnin | wron | 
Pure [ ures | wese | wees | wese | wrze | wrie | wos | 


Tunisa | wren | weraa [nian [write | wvoa | won | wren | 
Funase [wevas [wrrae [wries [uriie | weroe | wee | wee | 


[ssro7a] ssPbea] serosa] seroea] sspoaa [sopoaa  ssroia [ssro0n| 


sro ealsspotaalosporaalseporaa|saporralsspoi0a] sapven [seroan| 











#7 #6 #5 #4 #3 #2 #1 #0 
(__[iwa [iorea [corta[ sara [sora [ssa] 


/ [rune Tiras [unre [sare | sore | ssra |_| 
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2.1.5 


Related Parameters 


Parameter No. 





16i 
3705#0 


3705#0 


Description 


Sets SF signal output and the S code for an S command. 





3705#2 


3705#2 


Gear switch method (M series only) 





3705#4 


3705#4 


Sets SF signal output and the S code for an S command (T series only). 





3705#5 


3705#5 


Sets SF signal output when constant surface speed control is exercised and 
an S code is specified (M series only). 





3705#6 


3705#6 


Sets SF signal output (M series only). 





3706#4 


3706#4 


Spindle gear selection method (M series only) 





3706#7,6 


3706#7,6 


Spindle speed command polarity (valid when input signal SSIN = 0) 





3709#0 


3709#0 


Number of sampling operations at spindle speed calculation time (T series 
only for 16i) 





3735 


3735 


Minimum clamp speed of the spindle motor (M series only) 





3736 


3736 


Maximum clamp speed of the spindle motor (M series only) 





3740 


3740 


Time until the spindle speed arrival signal is checked 





3741 


3741 


Maximum spindle speed for gear 1 





3742 


3742 


Maximum spindle speed for gear 2 





3743 


3743 


Maximum spindle speed for gear 3 





3744 


3744 


Maximum spindle speed for gear 4 (T series only) 





3751 


3751 


Spindle motor speed at the switch point between gear 1 and gear 2 (M 
series only) 





3752 


3752 


Spindle motor speed at the switch point between gear 2 and gear 3 (M 
series only) 





3772 


3772 


Maximum allowable spindle speed 





2031 


3031 


3031 


Allowable number of S code characters 





2003#1 


Sets an S code polarity. 





2204#0 


Sets the display of an actual spindle speed. 





2402#6 


Sets the S code specified in a block containing G92. 





5602#3 


Whether to provide an indication for an alarm detected with the spindle 
amplifier. (Set "O" usually.) 





5611 


Number of sampling operations when an average spindle speed is to be 
found. 





5612 


Unit of spindle speed output with the DO signal 





5807#0 


Enables/disables the spindle alarms (SPxxxx) of all spindles. (Set "0" 
usually.) 





5842 


Number of position coder pulses 





5847 


Number of gear teeth on the position coder side on velocity control (for feed 
per revolution, threading, etc.) 





5848 


Number of gear teeth on the spindle side on velocity control (for feed per 
revolution, threading, etc.) 





5850 


Spindle number to be selected at power-on/reset time 





5820#4 


Sets the method of spindle speed calculation. 





3006#5 


4006#5 


4006#5 


Sets an analog override range. 





3009#4 


4009#4 


400944 


Whether to output the load detection signals (_DT1, LDT2) during 
acceleration/deceleration 





300946 


4009#6 


4009#6 


Analog override type 





3012#7 


4012#7 


4012#7 


Sets the spindle HRV function. (Set "1".) 





5607#0 


4019#7 


4019#7 


Automatic spindle parameter setting function 





3352#1 


4352#1 


4352#1 


Sets the peak hold function for load meter output. 





3020 


4020 


4020 


Maximum motor speed 





3022 








4022 


4022 








Speed arrival detection level 
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Parameter No. 
16: 





Description 


Speed detection level 

Speed zero detection level 

Torque limitation value 

Load detection level 1 

Load detection level 2 

Output limitation pattern 

Output limitation value 

Soft start/stop setting time 

Velocity loop proportional gain on the velocity control mode 

A parameter is selected by the PMC input signal CTH1A. 

4048 4048 Velocity loop integral gain on the velocity control mode 

4049 4049 (A parameter is selected by the PMC input signal CTH1A.) 

Spindle and motor gear ratio data 

(A parameter is selected by the PMC input signals CTH1A and CTHZ2A.) 
4081 4081 Delay time until the motor power is turned off 

4082 4082 Acceleration/deceleration time 

4083 4083 Motor voltage on the velocity control mode 

4136 4136 Motor voltage on the velocity control mode (for low-speed characteristics) 
Denominator of an arbitrary gear ratio between the motor sensor and 
spindle 

(A parameter is selected by the input signal CTH1A.) 

4172 4172 Numerator of an arbitrary gear ratio between the motor sensor and spindle 
4174 4174 (A parameter is selected by the input signal CTH1A.) 

3399#2 4399#2 4399#2 |Specifies whether to enable the soft start/stop function when emergency 
stop operation is performed. 

3508 4508 4508 Rate of change in acceleration at soft start/stop 





























4056 to 4059 | 4056 to 4059 

















4171 4171 
4173 4173 




















NOTE 


1 For the detector-related parameters, see Section 
1.3, "PARAMETERS RELATED TO DETECTORS", 
in Part I. 

2 For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part I. 
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2.1.6 Details of Related Parameters 


153 
3006 


153 
3009 


167 30: 
4006 4006 


ALGOVR 


167 30: 
4009 4009 


LDTOUT 


OVRTYP 


This subsection details the serial spindle parameters (in the four 
thousands for 167 , and in the four thousands for 307, and in the three 
thousands for 157) among the parameters related to the velocity 
control mode. For details of other parameters, refer to the Connection 
Manual (Function) of each CNC. 
(a) For Series 161/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3071/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(d) For Series 07 

“FANUC Series 0i-MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 

Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 





#7 #6 #5 #4 #3 #2 #1 #0 
| | cover =| | | 
Sets a spindle analog override range. 


0: Oto 100% (standard setting value) 
1: Oto 120% 


#7 #6 #5 #4 #3 #2 #1 #0 

| joverve| ——fuvrour| | | | 

Whether to output the load detection signals (LDT1 and LDT2) during 

acceleration/deceleration 

0: Not output during acceleration/deceleration. (standard setting 
value) 


Output (at all times) during acceleration/deceleration if the 
parameter-set level is exceeded. 


— 


Analog override type 
0: Override of linear function type (standard setting value) 
1: Override of quadratic function type 
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FAN 


151 
3352 


151 161 
3012 4012 


SPHRV 


161 30: 
4019 4019 


PRLOAD 


167 30: 
4352 4352 


PKHALW 


#7 #6 #5 #4 #3 #2 #1 #0 
Fr a a (a | (ee ee 
Sets the spindle HRV control function. 

0: Disables spindle HRV control. 


1: Enables spindle HRV control. (standard setting value) 
Set to “1”. 


NOTE 
The control method usable with the ai series spindle 


is spindle HRV control only. The conventional control 
method is not supported. 





#7 #6 #5 #4 #3 #2 #1 #0 
Ee ae 
Automatic parameter setting function 
0: Does not perform automatic parameter setting. (standard setting 

value) 

1: Performs automatic parameter setting. 

After setting a desired motor model code in parameter No. 4133 and 
setting this bit to 1, turn off the power to the CNC, then turn on the 
power to the CNC again. The parameters (No. 4000 to No. 4175) for 
the ai series spindle corresponding to the model code are 
automatically initialized. Upon completion of automatic setting, this 
bit is automatically set to 0. 


NOTE 
With FS15:, the parameter address of this function is 
different, namely, bit 0 of No. 5607 is used. 
Moreover, note that the meanings of settings are 


reversed as follows. 


0 : Performs automatic parameter setting. 

1 : Does not perform automatic parameter setting. 
In this case, set a model code in parameter No. 
3190: 





#7 #6 #5 #4 #3 #2 #1 #0 
a ee ee ee 
Sets the peak hold function for load meter output. 


0: Does not use the peak hold function. (standard setting value) 
1: Uses the peak hold function. 
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157 167 301 
3020 4020 4020 


Unit of data : 


Valid data range : 
Standard setting value : 


157 167 301 
3022 4022 4022 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3023 4023 4023 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3024 4024 4024 


Unit of data : 
Valid data range : 
Standard setting value : 
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Maximum motor speed 


Imin™ (Unit of 10 min™ when bit 2 (SPDUNT) of parameter No. 4006 
=1) 

0 to 32767 

Depends on the motor model. 

This parameter sets a maximum spindle motor speed. 


A\ WARNING 
The spindle motor may rotate at the maximum 
spindle motor speed specified by this parameter. 


Therefore, this parameter must not be set toa 
value greater than the maximum rotation speed 
indicated by the specification of the spindle motor. 





Speed arrival detection level 


0.1% 

0 to 1000 

150 

This parameter sets a speed arrival signal (SARA) detection range. 
When the motor speed reaches within +(setting data/10)% of a 
specified speed, the speed arrival signal (SARA) is set to 1. 


Speed detection level 


0.1% 

0 to 1000 

30 

This parameter sets a speed detection signal (SDTA) detection range. 
When the motor speed is (setting data/10)% of a maximum speed or 
less, the speed detection signal (SDTA) is set to 1. 


Speed zero detection level 


0.01% 

0 to 10000 

fs) 

This parameter sets a speed zero detection signal (SSTA) detection 
range. 

When the motor speed is (setting data/100)% of a maximum speed or 
less, the speed zero detection signal (SSTA) is set to 1. 
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157 167 301 
3025 4025 4025 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3026 4026 4026 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3027 4027 4027 


Unit of data : 
Valid data range : 
Standard setting value : 


BUILT-IN SPINDLE MOTOR Bil seri 
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Torque limitation value 


1% 

0 to 100 
50 

This parameter sets a torque limitation value to be applied when the 
torque limitation command HIGH (TLMHA) or the torque limitation 
command LOW (TLMLA) is specified. 

The data indicates limitation values when the maximum torque is 
100%. 

Torque limitation 

command 
HIGH(TLMHA) 


Torque limitation 
command 
LOW(TLMLA) 


Description 


No torque limitation is imposed. 

The torque is limited to the value 
set in this parameter. 

The torque is limited to a half of 
the value set in this parameter. 




















This parameter sets a load detection signal 1 (LDT1A) detection 
range. 

When the output of the spindle motor is (setting data)% of the 
maximum output or more, load detection signal 1 (LDT1A) is set to 1. 


Load detection level 2 


1% 

0 to 100 

95 

This parameter sets a load detection signal 2 (LDT2A) detection 
range. 

When the output of the spindle motor is (setting data)% of the 
maximum output or more, load detection signal 2 (LDT2A) is set to 1. 
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157 167 301 


3028 4028 4028 Output limitation pattern 


Unit of data : 
Valid data range: Oto6 
Standard setting value: 0 

Select an appropriate pattern from the following: 

A: Output is limited only at acceleration time and deceleration time 
for gradual acceleration/deceleration, and the rated output is used 
for steady-state rotation. (Setting data: 1, 4, or 7) 
(Function similar to soft start/stop) 

B: Maximum output is used at acceleration time and deceleration 
time, and output is limited in steady-state rotation. (Setting data: 
2, 5, or 8) 

C: Using the same motor and amplifier, a machine with a different 
output specification is produced. (Setting data: 3, 6, or 9) 


Setting data 
Pattern 1/|Pattern 2| Pattern 3 





Description 


No output limitation is imposed. 
A. Output is limited only at acceleration time 





and deceleration time. 

B. Output is not limited at acceleration time 
and deceleration time, but output is 
limited in steady-state rotation. 

C. Output is limited in all operations. 




















[Output limitation pattern 1]--- Setting data = 1, 2, 3 --- 
Output 






PA petri, ; Catalog value 


: Limit value 


0 Nb Nm 


Setting in parameter No. 4029 
100 


Pout = xPm 
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[Output limitation pattern 2]--- Setting data = 4, 5, 6 --- 
Output 







PIM fev reennennng ; Catalog value 


Pot eee : : Limit value 


0 Nb Nm 


_ Setting in parameter No. 4029 S 
7 100 


Pout Pm 





[Output limitation pattern 3]--- Setting data = 7, 8, 9 --- 
Output 






Pp beeen : Catalog value 





Limit value 





: Speed 
0 Nb Nout Nm 


100 


= a3 xNb 
Setting in parameter No. 4029 


Nout 





157 167 301 


3029 4029 4029 Output limitation value 


Unit of data: 1% 
Valid data range: 0 to 100 


Standard setting value: 100 
This parameter sets a desired limitation value, with the maximum 


output (overload tolerance) being 100%. 
This setting becomes valid when output is limited by setting parameter 
No. 4028. 
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157 167 301 
3030 4030 4030 


Unit of data : 


Valid data range : 
Standard setting value : 


157 167 301 
3040 4040 4040 
3041 4041 4041 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3048 4048 4048 
3049 4049 4049 


Unit of data : 
Valid data range : 
Standard setting : 


Soft start/stop setting time 


Imin”/sec (Unit of 10min’'/sec when bit 2 (SPDUNT) of parameter 
No. 4006 = 1) 

0 to 32767 

0 

This parameter sets an acceleration value (speed change rate) when the 
soft start/stop function is enabled (when the soft start/stop signal 
SOCNA = 1). 


NOTE 
When 0 is set, the soft start/stop function is disabled. 


Velocity loop proportional gain on velocity control mode (HIGH) CTH1A=0 
1 





Velocity loop proportional gain on velocity control mode (LOW) CTH1A= 


0 to 32767 

10 

This data is used to set the velocity loop proportional gain on velocity 
control mode. 

When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 


Velocity loop integral gain on velocity control mode (HIGH) CTH1A=0 
1 


Velocity loop integral gain on velocity control mode (LOW) CTH1A= 





0 to 32767 

10 

This data is used to set the velocity loop integral gain on velocity 
control mode. 

When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 
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151 = 161 ~S 303 
3056 4056 4056 Gear ratio (HIGH) CTH1A=0, CTH2A=0 
3057 4057 4057 Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 
3058 4058 4058 Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
3059 4059 4059 Gear ratio (LOW) CTH1A=1, CTH2A=1 


Unit of data: (Motor rotation for one rotation of spindle) / 100 
(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
Valid data range: 0 to 32767 
Standard setting: 100 
These data are used to set the gear ratio between spindle and spindle 
motor. 
Example : 
When the spindle rotates once, set "250" as the data when the 
motor rotates 2.5 times. 
A parameter is selected with the CTH1A and CTH2A input signals. 
Set the gear or clutch status to correspond to the clutch/gear signal 
(CTHIA, CTH2A). 


NOTE 
When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 


the spindle can continue rotating without stopping at 
the time of orientation. So, be sure to set a proper 
gear ratio. 





157 167 301 


3081 4081 4081 Delay time until the motor power is turned off 


Unit of data: 10ms 
Valid data range: 0 to 1000 
Standard setting value: 20 (200ms) 
This parameter sets a period of time from the stop of the motor 
(detection of the speed zero detection signal SSTA set to 1) until the 
power to the motor is tured off if the SFR/SRYV signal is off. 


NOTE 
When a small value is set in this parameter, the 


motor can coast after the power to the motor is 
turned off. 
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157 167 301 
3082 4082 4082 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3083 4083 4083 


3136 4136 4136 
Unit of data : 


Valid data range : 
Standard setting : 


Setting of acceleration/deceleration time 


lsec 

0 to 255 

10 

This parameter sets a period of time in which alarm detection is 
disabled by assuming that the spindle motor is being accelerated or 
decelerated even if the velocity error exceeds the velocity error excess 
alarm (spindle alarm 02) level after start of acceleration/deceleration 
on the velocity control mode. 

In the velocity control mode, a step-by-step speed command is 
specified. So, the spindle motor cannot follow up the command 
immediately after start of acceleration/deceleration, and the velocity 
error exceeds the velocity error excess alarm level. This parameter is 
used to prevent the velocity error excess alarm (spindle alarm 02) 
from being detected incorrectly immediately after start of 
acceleration/deceleration. 


NOTE 
With a machine tool such as a lathe that has a large 
load inertia, the acceleration/deceleration time 


becomes longer. In such a case, set the value 
corresponding to the acceleration/deceleration time 
of the machine in this parameter. 





Motor voltage setting on velocity control mode 


Motor voltage setting on velocity control mode (for low-speed characteristics) 


1% 

0 to 100 

Depends on the motor model. 

This parameter sets the motor voltage under the no-load condition in 
velocity control mode. 

The motor voltage to be set depends the motor model, the most usual 
setting is 30. 

If an abrupt application of a heavy load in the no-load condition 
lowers the motor speed, adjust this parameter to around 50 to 70 to 
improve the torque response characteristic. 

Note that, however, setting a large value causes heating and large 
activation sound during no-load motor operation. 
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157 167 301 


Denominator of an arbitrary gear ratio between the motor sensor and spindle 
(HIGH) CTH1A=0 


3171 4171 4171 


Numerator of an arbitrary gear ratio between the motor sensor and spindle 
(HIGH) CTH1A=0 


3172 4172 4172 


Denominator of an arbitrary gear ratio between the motor sensor and spindle 
(LOW) CTH1A=1 


3173 4173 = 4173 


Numerator of an arbitrary gear ratio between the motor sensor and spindle 
(LOW) CTH1A=1 


3174 4174 4174 





Unit of data : 
Valid data range: 0 to 32767 
Standard setting value: 0 
These parameters set conversion § coefficients (numerator, 
denominator) for using the detection arbitrary gear ratio function 
(DMR function) by multiplying a motor sensor (aiM sensor) feedback 
signal by a gear ratio to produce a spindle position feedback signal. 
When the spindle rotates Q times while the motor shaft rotates P times 
(there is no common divisor other than | for P and Q), the settings are: 
No. 4171 (No. 4173 when CTH1A = 1) =P 
No. 4172 (No. 4173 when CTHIA = 1)=Q 
When 0 is set in any of these parameters, the setting of | is assumed. 


NOTE 

1 When performing feed per revolution with the 
detection arbitrary gear ratio function (DMR 
function), set an arbitrary gear ratio between the 
motor sensor and spindle in this parameter. 
Threading using the detection arbitrary gear ratio 
function (DMR function) is not supported. 





151 161 30: #7 


#6 #5 #4 #3 #2 #1 #0 
soo ago asso | | TT sos) | 


SOSALW Specifies whether to enable the soft start/stop function when 
emergency stop operation is performed. 
0: Disables the function when the emergency stop signal is set 
(*ESP = 0) or MRDY = 0. (Standard setting) 
1: Enables the function even when the emergency stop signal is set 
(*ESP = 0) or MRDY = 0. 


NOTE 
This parameter is valid with 9D50 series O (15) 


edition or later, 9D70 series F (06) edition or later, 
and 9D80 series A (01) edition or later. 
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157 167 30 


3508 4508 4508 Rate of change in acceleration at soft start/stop 


Unit of data: 10min’'/sec” 
Valid data range: 0 to 32767 
Standard setting: 0 
This parameter sets the jerk (the rate of change in acceleration) when 
the soft start/stop function is enabled (soft start/stop signal SOCNA = 
1). 


Acceleration in velocity command 
(min”/sec 









Increase in 
acceleration 


Initial 
ofan, Sore acceleration 





Time(sec) 


T a 


Starts changing velocity command 
issued from CNC at this point. 


Increase in acceleration = 10 x setting in parameter No. 4508 x T 
Initial acceleration = Setting in parameter No. 4030 


NOTE 
1 This parameter is valid with 9D50 series G (07) 
edition or later, 9070 series A (01) edition or later, 


and 9D80 series A (01) edition or later.. 
2 If Ois set, a liner type velocity command is observed 
when the soft start/stop function is enabled. 
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2.1.7 Troubleshooting 


If the spindle motor does not operate normally, take an action by 
referencing the items listed below according to the state of trouble. 
For an action to be taken when an alarm is issued, refer to the 
maintenance manual. 


State of trouble 


When the motor does not rotate 
When the motor does not rotate at a specified speed 








When the motor vibrates and makes an abnormal sound when rotating 
When an overshoot or hunting occurs 

When the cutting capability is degraded 

When the acceleration/deceleration time is long 

















(i) When the motor does not rotate 


(1) Check the connections. (Refer to Descriptions.) 
(a) Motor power line phase order 
(b) Feedback signal cable connection 
(c) DC link connection between the common power supply 
(PS) and spindle amplifier 


(2) Check the parameter settings. 
(a) Parameter data for each motor model 
(b) Detector-related parameter data (Refer to Subsec. 1.3.2 in 
Part I.) 
(c) Setting of a maximum motor speed 


| tsi | te] 308] escription 
3020 4020 4020 Maximum motor speed 


(d) Parameters related to spindle speed specification 
For Series 161/181/211 
“FANUC Series 16i/18i/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
For Series 301/3 11/321 
“FANUC Series 30i/3 1i/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
For Series 151 
“FANUC Series 157-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
For Series 0 
“FANUC Series 07-MODEL C 
CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 








SAGs 
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(3) Check the input signals. 
(a) Input signals for spindle control (PMC > CNC) 


151 161 30: 
1st- G227 G070 G070 
2nd- G235 G074 G074 
1st- G226 G071 G071 
2nd- G234 G075 G075 





(4) Check the feedback signal. 
(a) Feedback signal level (Refer to Maintenance Manual.) 
(b) Shielding and grounding (Refer to Descriptions.) 


(ii) When the motor does not rotate at a specified speed 


(1) Check the connections. (Refer to Descriptions.) 
(a) Motor power line connection 
(b) Feedback signal cable connection point 


(2) Check the parameter settings. 
(a) Parameter data for each motor model 
(b) Detector-related parameter data (Refer to Subsec. 1.3.2 in 
Part I.) 
(c) Setting of a maximum motor speed 


| tsi | tei | 808 S| iesccription 
3020 4020 4020 Maximum motor speed 


(d) Parameters related to spindle speed specification 
For Series 161/181/211 
“FANUC Series 16i/18i/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
For Series 301/3 11/321 
“FANUC Series 30/3 1i/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
For Series 151 
“FANUC Series 157-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
For Series 0 
“FANUC Series 0i-MODEL C 
CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 





(3) Check the feedback signal. 
(a) Feedback signal level (Refer to Maintenance Manual.) 
(b) Shielding and grounding (Refer to Descriptions.) 
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(iii) When the motor vibrates and makes an abnormal sound when rotating 


(1) Check the feedback signal. 
(a) Feedback signal level (Refer to Maintenance Manual.) 
(b) Shielding and grounding (Refer to Descriptions.) 


(2) Check the parameter settings. 
The velocity loop gain may be too large. Adjust the following 
parameters: 


Description Setting data 


Velocity loop proportional gain (HIGH) 
Velocity loop proportional gain (LOW) |Decrease the 

Velocity loop integral gain (HIGH) setting values. 
Velocity loop integral gain (LOW) 


























(3) Make a comparison with the case of motor coasting. 

If vibration and sound produced when the motor coasts are 
extremely smaller than those produced when the motor is driven, 
the control circuit is faulty. If sound produced remains 
unchanged, the motor or the machine may be faulty. If the 
feedback signal cable from the motor is disconnected during 
motor rotation, an alarm is issued, and the motor coasts. Before 
performing the coasting of the motor, consult with the machine 
tool builder for confirmation. Depending on the sequence, the 
brake may be applied. 


(iv) When an overshoot or hunting occurs 
(1) Check the parameter settings. 


(a) The velocity loop gain may be too large. Adjust the 
following parameters: 


Description Setting data 


Velocity loop proportional gain (HIGH) 
Velocity loop proportional gain (LOW) |Decrease the 

Velocity loop integral gain (HIGH) setting values. 
Velocity loop integral gain (LOW) 
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(v) When the cutting capability is degraded 


(1) Check the parameter settings. 
(a) Parameter data for each motor model 
(b) Output limitation pattern and output limitation value 


| si | t6# | 0S | Cescription 


3028 4028 4028 Output limitation pattern 
3029 4029 4029 Output limitation value 








(2) Check the input signals. 
(a) Torque limitation commands (TLMH, TLML) 










15i 161 30: #7 #6 #5 #4 #3 #2 #1 #0 


(3) Check the machine. 
(a) Belt tension, and so forth 


(vi) When the acceleration/deceleration time is long 


(1) Check the parameter settings. 
(a) Parameter data for each motor model 
(b) Output limitation pattern and output limitation value 


| si | tei | 807 | iesccription 
3028 4028 4028 Output limitation pattern 
3029 4029 4029 Output limitation value 








(c) Regenerative power limitation (Check if the same value as 
in the parameter table for each motor model is set.) 


| si | te# | 0 S| Ciescription 


Regenerative power limitation 
Regenerative power limitation (for 
low-speed characteristics) 








(2) Check the input signals. 
(a) Torque limitation commands (TLMH, TLML) 










151 161 30: #7 #6 #5 #4 #3 #2 #1 #0 
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2.2 POSITION CODER METHOD SPINDLE ORIENTATION 





2.2.1 Start-up Procedure 


A. Check that operation in the velocity control mode is enabled. 


B. Prepare and check the ladder program for spindle orientation. 












C. Set the parameters related to spindle orientation or detector. 


D. Check the position detect signal (position coder signal). 


E. Check whether orientation is performed. 
OK 
F. Set and check the direction used for orientation. 
- Set the direction of rotation used for orientation. 


NG 


G. Adjust the orientation stop position. 
- Detection level for the orientation completion signal 
- Orientation stop position shift 
- Orientation stop position 


H. Adjust the orientation speed. 
- Position gain for orientation 
- Motor speed limit ratio for orientation 
- Orientation speed 


|. Adjust the orientation stop (to eliminate overshoot and ensure stop-time rigidity). 
- Position gain for orientation 
- Velocity loop proportional gain for orientation 
- Velocity loop integral gain for orientation 
- Motor voltage for orientation 
- Rate of change in position gain upon orientation completion 





J. Check ATC operation. 
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2.2.2 


2.2.3 


Overview 


Feature 


Unlike a function for stopping the spindle at a predetermined position 
mechanically, for example, by using a stopper, the spindle orientation 
function stops the spindle at a predetermined position by directly 
reading the position feedback signal from a position detector attached 
to the spindle of the machine. 


NOTE 
To use this function, the CNC software option is 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


required. 





Elimination of a mechanical section used for stopping at a 
predetermined position 

Only a position detector needs to be connected to the spindle. A 
mechanical section (such as a stopper and pin) used to 
mechanically stop the spindle at a predetermined position for 
spindle orientation is unnecessary. 

Reduction in orientation time 

A spindle motor attached to the spindle is used. So, orientation is 
enabled directly at high speed, independently of gear shifting, 
thus resulting in a remarkable reduction in orientation time. 
Simplified power magnetic sequence 

The required sequence consists of only a command for stopping 
at a predetermined position, completion signal, and clutch/gear 
signal. No other signals are required. Sequences for an 
orientation speed command and torque limitation command are 
unnecessary. 

Reliability 

This function is based on a purely electric method. So, an 
external shock does not damage the mechanical section, thus 
improving reliability. 

High precision and high rigidity 

The precision and rigidity of the spindle stopping at a 
predetermined position are sufficiently high for tool change 
operation (ATC). 

Workpiece positioning 

On a lathe, a workpiece can be positioned to align the workpiece 
attachment/detachment direction. 

Reduction in the number of processes in boring 

When a boring process ends, the workpiece can be positioned in 
the same direction as the direction of spindle rotation. So, the 
workpiece is not damaged by the tool tip. 

Moreover, the tool tip can be attached or detached in a constant 
direction relative to the workpiece, so that a program can be 
created easily. 


LBS. 
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2.2.4 System Configuration 


The system configurations that enable the use of the position coder 
method orientation function are shown below. 


(1) When the ai position coder is used 
Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 










Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


(2) When the a position coder S is used 
Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 





Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


(3) When the built-in motor is used 
aiBZ sensor or aiCZ sensor 


Spindle+ 
Bult-in motor 
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(4) When the spindle motor with built-in aiMZ sensor is used 
Spindle motor with built-in 
aiMZ sensor 










Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 





(5) When the separate type aiBZ sensor or separate type aiCZ sensor is used 


Spindle motor with built-in 
aiM sensor (or aiMZ sensor) 








aiBZ sensor or 
aiCZ sensor 
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(6) When the external one-rotation signal (proximity switch) is used 
Spindle motor with built-in aiM 
sensor (or aiMZ sensor) 














External one-rotation 
signal switch (proximity 
switch) 


x 


Gear or timing belt 





NOTE 

1 For stable detection of the one-rotation signal, fix the 
rotation direction (bits 3 and 2 of No. 4003) for 
orientation at one direction. 
Set the type (bits 3 and 2 of No. 4004) of the 
external one-rotation signal (proximity switch). 
For stable detection of the one-rotation signal, set an 
orientation speed (No. 4038) from 50 to 100 min’ 
according to the specification of the external 
one-rotation signal (proximity switch). 
The detection of the one-rotation signal starts after 
the orientation speed is reached. 
Set the parameters (No. 4171 to No. 4174) for the 
numerator/denominator of an arbitrary gear ratio 
between the motor sensor and spindle. 





2.2.5 Stop Position Specification Method 


Stop position ar, 
specification method Description 
Set the number of pulses (+4095 pulses) from the 
one-rotation signal to a stop position (360° = 4096 
pulses). 

Specify the number of pulses (0 to 4095 pulses) from 
the one-rotation signal to a stop position with a PMC 
External setting for stop |signal (360° = 4096 pulses). The sum of the number 
position specification of pulses set in the parameter and the number of 
pulses specified with a PMC signal represents a final 
stop position. 


Parameter-based 
specification 
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2.2.6 


I/O Signals (CNC <> PMC) 


(1) Address list of Input signals (PMC — CNC) 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


ist- 
2nd- 


151 
G227 
G235 


G229 
G237 


G230 
G238 


G231 
G239 


16i 
G070 
G074 


G072 
G076 


G078 
G080 


G079 
G081 


30 
G070 
G074 


G072 
G076 


G078 
G080 


G079 
G081 


#7 #6 #5 #4 #3 #2 #1 #0 
| forcmal | cruta cruaa} | 
| forewa] | crus [crus] | 
pT vero | ora | inoxa | 





pT nro Protas | ioxe | 





| sia07 | save | sas | saos | sHaos | sHaoz | sHaot | sta0o | 
| suB07 | sueos | supos | spo | suBos | sneo2 | sue01 | suB00 | 
pf start [ strato | stiaos | stiaos | 
PTT st | stxst0 ] srb09 | si0s | 


(2) Details of input signals (PMC — CNC) 
(a) Orientation command (ORCMA) 


This signal is used to stop the spindle at a predetermined position 
in order to change the tool or attach or detach a workpiece. 

If this signal is set to 1, the spindle, when rotating, is 
immediately decelerated to stop at a predetermined position. 

If an orientation command is issued for safety, set the 
forward/reverse spindle rotation command (SFRA/SRVA) and 
the speed command to 0. With these settings, the spindle does 
not start rotation even if ORCMA is set to 0 during tool change 
operation. 

Set this signal to 0 with the tool change completion signal or the 
workpiece attachment/detachment completion signal. 

At power-on time, be sure to set the orientation command signal 
to 0. 

If an alarm is issued or an emergency stop operation is performed 
during orientation, ensure that the orientation command signal is 
reset (to 0). At power-on time, return the ATC arm to a safe 
position so that the arm and associated equipment are not 
damaged when the spindle and tool rotate. 
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(b) Clutch/gear signals (CTH1A, CTH2A) 


(i) 


(ii) 


These signals are used to select spindle control parameters 
(position gain, gear ratio, and velocity loop gain) when there are 
two or more gear change stages between the spindle and spindle 
motor. 

Make settings as indicated in the table below according to the 
state of the clutch or gear. The names such as HIGH GEAR are 
given for convenience, and the correspondence to the actual 
gears is free. 


HIGH GEAR 





MEDIUM HIGH GEAR 





MEDIUM LOW GEAR 











LOW GEAR 


(c) Spindle orientation stop position change command (INDXA) 


(i) 


(ii) 


(iii) 


(iv) 


This signal is used to change to another orientation position after 
a spindle orientation operation is performed by stop position 
external setting type orientation. 

This signal is valid when the spindle orientation command 
(ORCMA) = 1. 

When this signal makes a transition from | to 0, the spindle is 
oriented to the position (arbitrary position in one rotation: 
absolute position command) specified by new stop position data 
(SHA11 to 00) within one rotation. 

The direction of orientation rotation is specified by the shortcut 
command (NRROA) and the rotation direction command 
(ROTAA). 

This function is valid when the CNC parameter for the stop 
position external setting type orientation function is set. 


(d) Spindle orientation stop position change shortcut command (NRROA) 


(i) 


(ii) 


This signal is used for shortcut (within +180 degrees) positioning 
at the next stop position when a rotation direction is specified to 
change the orientation position after a spindle orientation 
operation. 

When this signal is set to 1, shortcut positioning is performed, 
regardless of the spindle orientation stop position change rotation 
direction command (ROTAA). 


(e) Spindle orientation stop position change rotation direction command (ROTAA) 


(i) 


(ii) 


This signal is used to specify a rotation direction when the 
orientation position is successively changed to another 
orientation position after a spindle orientation operation. 

When this signal is set to 0, the spindle rotates CCW and stops. 
When this signal is set to 1, the spindle rotates CW and stops. 
This signal is valid when the spindle orientation stop position 
change shortcut command (NRROA) is set to 0. 
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(f) Spindle orientation external stop position command (SHA11 to SHA00) 
(i) With the stop position external setting type spindle orientation 
function, a stop position is set. A stop position is determined by 
the expression indicated below. This command specifies an 


absolute position during one rotation. 
11 


360 i 
St ition (degrees) = x 2' x Pi 
op position (degrees) Age Pm i) 
Pi = 0 when SHAi = 0. Pi= 1 when SHAi= 1. 
(11) When the stop position external setting type spindle orientation 
function is used, the position coder method spindle orientation 
stop position setting parameter (No. 4031) is invalid. 





(3) Address list of output signals (CNC — PMC) 


151 16i 30: 
1st- F229 F045 F045 
2nd- F245 F049 F049 





(4) Details of output signals (CNC — PMC) 


(a) Orientation completion signal (ORARA) 

(i) This signal is set to 1 when the spindle stops in the neighborhood 
of a predetermined position (+1°, for example) after an 
orientation command is input. 

ORARA is set to 1 when the following three conditions are 

satisfied: 

- ORCMA=“1” 

- SSTA(speed zero detection signal)=“1” 

- The spindle is in the neighborhood of a predetermined 
position. 

The condition for the neighborhood of a predetermined position 

is set using parameter No. 4075 (orientation completion signal 

detection level). Only when all of the three conditions are 

satisfied, the orientation completion signal is output. Such a state 

that the orientation completion signal is not output when a certain 

time has elapsed after the input of an orientation command is 

abnormal. In this case, issue an orientation alarm by detecting 

this state with a power magnetic sequence. 

(ii) When this signal is set to 1, start a tool change operation and 
workpiece attachment/detachment operation. 
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(iii) The orientation completion signal is output when the spindle is in 


the neighborhood of a predetermined position. This means that 
this signal does not represent a complete stop signal. With some 
machines, the operation time for the arm to grasp the tool of the 
spindle may be short. In this case, insert a time (0.1 to 0.5 
second) before operating the arm for ATC so that the arm grasps 
the tool when the spindle has stopped completely. 


Speed zero detection point 


Spindle speed a Neighbornood of stop position 








Orientation completion 
signal ORARA 


ATC arm operation 
start signal 
<—___—-»| 0.1 to 0.5 sec 


(iv) This signal is set to 0, for example, when the spindle is moved 


(v) 


out of the neighborhood of a predetermined stop position as in a 
case where an external force is applied. In this case, use a 
sequence that stops tool change operation. However, do not 
cancel the orientation command, but execute a tool change 
operation after the orientation completion signal is set to | again. 
If the ATC of the machine has a structure that can cause a serious 
accident such as destruction due to a circuit failure, create a 
signal for indicating an automatic tool change enable area by 
using a proximity switch to make a double safety check with a 
power magnetic sequence before changing the tool. 
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2.2./ Examples of Sequences 


(1) Orientation command at stop time 






Orientation command - 
ORCMA 


CW direction 
Motor speed 


CCW direction 











Note / 


Pee 
oP) |< 


15~20 ms 


‘ 
é 


------ 


Orientation completion 
signal 


ORARA 


ATC operation 
Start Completion 


NOTE 
The rotation direction of the spindle motor can be 
selected by parameter settings. By default, the 


spindle rotates in the direction specified before the 
orientation command signal is issued and then it 
stops at a predetermined position. 





(2) Orientation command during high-speed rotation 


Rotation command 1 
SFRA, SRVA 


Orientation command .- 










ORCMA High-speed 
CW direction 





Deceleration 


a“ 


Stop 


Motor speed 7; 
th 


—>' ef a4 
15~20 ms 


CCW direction 


Orientation completion signal 
ORARA 


ATC operation 
Start Completion 


- 60 - 


FANUC AC SPINDLE MOTOR «ai series 
B-65280EN/06__ FANUC BUILT-IN SPINDLE MOTOR Bil seri 2.EXPLANATION OF OPERATION MODES 


(3) Stop position external setting type spindle orientation 


Spindle orientation command | | 


ORCMA ! A 


Spindle orientation stop position ' ' 
command SHAOO-11 Va \ | ae TS 7 A ie: 
' 


Spindle orientation stop position 


| 
| 
' 
change command INDXA Fede See! (as | ee cer Ce 
t 
i 
' 


Spindle orientation stop position i 


Y 
change rotation direction command | | \ 


ROTAA 


I I l 
! i 1 
' { 
Spindle orientation stop position 


change shortcut command NRROA 


1 ; , ' 
Motor speed CW direction / \ Stop <1> | \ Stop <2> | \ Stop <)> 


CCW direction \ fa i f ae 


eae aed 


i} ) 

\ \ 

if 1 

\ \ 

--4 \ \ 
4 \ 
{ \ 
\ 4 


Spindle orientation completion signal ee ee ee es 
ORARA 


NOTE 
Set t = 50 msec or more. 


Stop <I> 
e Predetermined stop position based on the normal orientation 
command 


e The rotation direction of the spindle motor is determined by 
parameter setting. 

e After the power is turned on, the spindle rotates at the orientation 
speed and seizes the one-rotation signal before stopping at a 
predetermined position for the first time. After the first stop, the 
spindle stops at a predetermined position within one rotation. 

e When the stop position external setting type spindle orientation 
function is used, the spindle stops at a predetermined position 
after shifting by the stop position data read on the rising edge of 
the spindle orientation command signal if the data of the spindle 
orientation stop position command SHAO00-SHA11 is set after 
the first stop. 
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Stop <2>, <3> 

e Predetermined stop positions based on the stop position external 
setting type spindle orientation function 

e The rotation direction of the spindle motor depends on the 
spindle orientation stop position change rotation direction 
command (ROTAA) and the spindle orientation stop position 
change shortcut command (NRROA). 


NOTE 
The spindle orientation stop position change 


command INDXA is valid only when the spindle 
orientation command ORCMA is set to 1. 
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Related Parameters 


Parameter No. 





3015#0 


16 


4015#0 


Description 


Specifies whether to use the spindle orientation function. (Set this bit to 1.) 


aOLoee (The CNC software option is required.) 





5609#2 


3702#3,#2 


Specifies whether to use the spindle orientation function with the stop position 


aia external setting type. (For 16i, #2: First spindle, #3: Second spindle) 





3003#0 


4003#0 


4003#0 _|Choice of orientation method (To be set to 0 for the position coder method) 





3003#3,#2 


4003#3 #2 


4003#3,#2 |Direction of rotation in spindle orientation 





3017#7 


4017#7 


4017#7 _|Shortcut function when orientation is specified in stop state 





3031 


4031 


Stop position for position coder method orientation 
(This parameter is disabled when spindle orientation with an externally set 
stop position or an externally set incremental command is used.) 


4031 





3042 
3043 


4042 
4043 


4042 
4043 


Velocity loop proportional gain for orientation 
(A parameter is selected by the CTH1A input signal.) 





3050 
3051 


4050 
4051 


4050 
4051 


Velocity loop integral gain for orientation 
(A parameter is selected by the CTH1A input signal.) 





3056 to 3059 


4056 to 4059 


Spindle-to-motor gear ratio 


meee oee (A parameter is selected by the CTH1A and CTHZA input signals.) 





3060 to 3063 


4060 to 4063 


Position gain for orientation 


iriuaiadastad (A parameter is selected by the CTH1A and CTHZA input signals.) 





3064 


4064 


4064 Rate of change in the position gain upon completion of spindle orientation 





3075 


4075 


4075 Detection level for the spindle orientation completion signal 





3076 


4076 


4076 Speed limit ratio for spindle orientation 





3077 


4077 


4077 Spindle orientation stop position shift 





3084 


4084 


4084 Motor voltage for spindle orientation 





3038 


4038 


4038 Spindle orientation speed 





3171 
3173 


4171 
4173 


4171 
4173 


Denominator of an arbitrary gear ratio between the motor sensor and spindle 
(A parameter is selected by the input signal CTH1A.) 





3172 
3174 


4172 
4174 








4172 
4174 


Numerator of an arbitrary gear ratio between the motor sensor and spindle 
(A parameter is selected by the input signal CTH1A.) 





NOTE 


1 


2 


3 


For the parameters related to detectors, see the Section 1.3, 
“PARAMETERS RELATED TO DETECTORS?’ in the Part I. 

For velocity loop proportional/integral gain adjustment, see 
Section 4.1, "VELOCITY LOOP GAIN ADJUSTMENT", in Part I. 
When using the external one-rotation signal (proximity switch), fix 
the orientation-time rotation direction (bits 3 and 2 of No. 4003) at 
one direction. 

When using the external one-rotation signal (proximity switch), set 
the type of the external one-rotation signal (bits 3 and 2 of No. 
4004). 

When using the external one-rotation signal (proximity switch), set 
an orientation speed from 50 to 100 min” (No. 4038) according to 
the specification of the used external one-rotation signal. 

When using the external one-rotation signal (proximity switch), set 
the numerator/denominator of an arbitrary gear ratio between the 
motor sensor and spindle (No. 4171 to No. 4174). 





- 63 - 


FANUC AC SPINDLE MOTOR ai series 
2.EXPLANATION OF OPERATION MODES _ FANUC BUILT-IN SPINDLE MOTOR Bil series __B-65280EN/06 


2.2.9 Details of Related Parameters 


151 = 116i. =~ 303 #7 


#6 #5 #4 #3 #2 #1 #0 
soos aos 4003 |_| | |r Jct: |__| pcmcsi| 


DIRCT2, DIRCT1! — Setting of rotation direction at spindle orientation 
DIRCT2 | DIRCT1 Rotation direction at spindle orientation 
By rotation direction immediately before 
(It is CCW at the power on.) 
By rotation direction immediately before 
(It is CW at the power on.) 
CCW (counterclockwise) direction looking from shaft 
of motor 
CW (clockwise) direction looking from shaft of motor 

















NOTE 
When using the external one-rotation signal 
(proximity switch), fix the orientation-time rotation 
direction at CCW or CW for stable detection of the 
one-rotation signal. 
(Bits 3, 2 of No. 4003) = 1, 0 or 1, 1) 





PCMGSL _ Selects the type of orientation. 
Set this bit to 0 (orientation by a position coder). 


153 16i 30 #7 


#6 #5 #4 #3 #2 #1 #0 
soos 4004 aoa | | | tyre exter | | 


EXTRF, RFTYPE _ Sets the external one-rotation signal (proximity switch). 


RFTYPE External one-rotation signal (proximity switch) 
None 

Detects the rising edge. 

Detect the falling edge. 














NOTE 


When using the external one-rotation signal 
(proximity switch), set the type of the external 
one-rotation signal (proximity switch) by using this 
parameter. 





-64- 


FANUC AC SPINDLE MOTOR ai series 
B-65280EN/06__ FANUC BUILT-IN SPINDLE MOTOR Bil seri 2.EXPLANATION OF OPERATION MODES 


157 167 301 
3017 4017 4017 


NRROEN 


157 167 30 
3031 4031 4031 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3038 4038 4038 


Unit of data : 


Valid data range : 
Standard setting : 


#7 #6 #5 #4 #3 #2 #1 #0 

veroen] =| | CT CT 
Specifies whether to use the shortcut function when orientation is 
specified in the stop state. 
0: Does not use the function. 
1: Uses the function. 
When this bit is set to 1, short cut operation is performed when the 
following conditions are satisfied: 
e _ Bit 7 of parameter No. 4016 (RFCHK3) is set to 0. 
e Zero speed detection output signal SST is set to 1. 
e Shortcut command input signal NRROA is set to 1. 


Position coder method orientation stop position 


1 pulse unit (360 degrees/4096) 

0 to 4096 

0 

This data is used to set the stop position of position coder method 
spindle orientation. It can be set at every 360 degrees/4096. 

When stop position external command type orientation and 
incremental command external type orientation are set, this parameter 
becomes invalid. 

Stop position command (SHA11-SHA00) of input signal instructed 
becomes valid. 


Spindle orientation speed 


Imin’ (10min'' when bit 2 of parameter No.4006(SPDUNT) is set to 
1) 

0 to 32767 

0 

This parameter sets the orientation speed at the end of the spindle. 
When 0 is specified for this parameter, the orientation speed is 
determined depending on the position gain and the motor speed limit 
ratio for orientation. 


NOTE 
When using the external one-rotation signal 
(proximity switch), set an orientation speed from 50 


to 100 min" according to the specification of the 
used external one-rotation signal (proximity switch) 
for stable detection of the one-rotation signal. 
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157 
3042 
3043 


167 
4042 
4043 


30: 
4042 
4043 


Unit of data : 
Valid data range : 
Standard setting : 


157 
3050 
3051 


167 
4050 
4051 


301 
4050 
4051 


Unit of data : 
Valid data range : 
Standard setting : 


157 
3056 
3057 
3058 
3059 


167 
4056 
4057 
4058 
4059 


301 
4056 
4057 
4058 
4059 


Unit of data : 


Valid data range : 
Standard setting : 


Velocity loop proportional gain on orientation (HIGH) CTH1A=0 





Velocity loop proportional gain on orientation (LOW) CTH1A=1 


0 to 32767 

10 

This parameter sets the velocity loop proportional gain for spindle 
orientation. 

When the CTHIA input signal is set to 0, proportional gain for the 
HIGH gear is selected. When the CTH1A input signal is set to 1, 
proportional gain for the LOW gear is selected. 


Velocity loop integral gain on orientation (HIGH) CTH1A=0 
Velocity loop integral gain on orientation (LOW) CTH1A=1 
0 to 32767 
10 


This parameter sets the velocity loop integral gain for spindle 
orientation. 

When the CTH1A input signal is set to 0, integral gain for the HIGH 
gear is selected. When the CTH1A input signal is set to 1, integral 
gain for the LOW gear is selected. 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 


Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
Gear ratio (LOW) CTH1A=1, CTH2A=1 





(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These parameters set the gear ratio of the spindle motor relative to the 
spindle. 

When the motor rotates 2.5 times, for every rotation of the spindle, for 
example, set 250 in the parameter. 

A parameter is selected by the CTHIA and CTH2A input signals. 

The gear or clutch status must correspond to the status of the CTHIA 
and CTH2A input signals. 


NOTE 
When an improper value is set in these 
parameters, an unexpected operation can occur. 


For example, the spindle can continue rotating 
without stopping at the time of orientation. So, be 
sure to set a proper gear ratio. 
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FAN 


157 167 301 
3060 4060 4060 
3061 4061 4061 
3062 4062 4062 
3063 4063 4063 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3064 4064 4064 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 30 
3075 4075 4075 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3076 4076 4076 


Unit of data : 
Valid data range : 
Standard setting : 


FANUC AC SPINDLE MOTOR ai series 
BUILT-IN SPINDLE MOTOR Bil seri 


2.EXPLANATION OF OPERATION MODES 





Position gain on orientation (HIGH) 
Position gain on orientation (MEDIUM HIGH) 
Position gain on orientation (MEDIUM LOW) 


CTH1A=0, CTH2A=0 
CTH1A=0, CTH2A=1 
CTH1A=1, CTH2A=0 
CTH1A=1, CTH2A=1 





Position gain on orientation (LOW) 


0.01sec™ 

0 to 32767 

1000 

These parameters set the position gain for orientation. 

A parameter is selected by the CTHIA and CTH2A input signals. 


Modification rate of position gain on orientation completion 


1% 

0 to 799 

100 

This data is used to set the modification rate of position gain on 
spindle orientation completion. 


Orientation completion signal detection level (limits of in-position) 





+1 pulse unit (360 degrees/4096) 

0 to 100 

10 

This data is used to set the detecting level of orientation completion 
signal (ORARA). 

When the spindle position is located within the setting data on 
orientation completion, the bit of orientation completion signal 
(ORARA) in the spindle control signals is set to "1". 

When the orientation command (ORCMA) is turned off (= 0), the 
orientation completion signal (ORARA) is set to "0". 


Motor speed limit ratio on orientation 


1% 

0 to 100 

33 

This data is used to set motor speed limit ratio on orientation. 

The value calculated from the position gain (No. 4060 to No. 4063) 

and this parameter as indicated below is used as an orientation speed 

and reference position return speed on servo mode (rigid 

tapping/spindle positioning). 

Orientation speed of motor (motor speed) 

(Speed limit ratio) 
100 








x (Gear ratio) x [min] 


- 60x (Position gain) 
100 
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157 167 301 


3077 4077 = 4077 Orientation stop position shift value 


Unit of data: +1 pulse unit (360 degrees/4096) 
Valid data range:  -4095 to 4095 
Standard setting: 0 
In the position coder method orientation, set this data to shift stop 
position. 
Spindle is shift numbers of setting pulse in CCW direction, and stops 
by data (+). 


157 167 301 


3084 4084 4084 Motor voltage setting on orientation 


Unit of data: 1 
Valid data range: 0 to 100 
Standard setting: 30 
This parameter sets the motor voltage for orientation. Usually, set 30. 
The value may vary, however, depending on the motor model. 


x 


157 167 301 


Denominator of arbitrary gear ratio between motor sensor and spindle (HIGH) 
CTH1A=0 


3171. 4171 4171 


Numerator of arbitrary gear ratio between motor sensor and spindle (HIGH) 


3172 4172 4172 
CTH1A=0 


Denominator of arbitrary gear ratio between motor sensor and spindle (LOW) 
CTH1A=1 


3173 4173 = 4173 


Numerator of arbitrary gear ratio between motor sensor and spindle (LOW) 
CTH1A=1 


3174 4174 4174 





Unit of data : 
Valid data range: 0 to 32767 
Standard setting: 0 
These parameters set conversion coefficients (numerator, 
denominator) for using the detection arbitrary gear ratio function 
(DMR function) by multiplying a motor sensor (aiM or aiMZ sensor) 
feedback signal by a gear ratio to produce a spindle position feedback 
signal. 
When the spindle rotates Q times while the motor shaft rotates P times 
(there is no common divisor other than 1 for P and Q), settings are: 
No. 4171 (No. 4173 when CTH1A = 1) =P 
No. 4172 (No. 4174 when CTHIA = 1)=Q 
When 0 is set in any of these parameters, the setting of | is assumed. 


NOTE 
When using the external one-rotation signal 


(proximity switch), set an arbitrary gear ratio 
between the motor sensor and spindle by using this 
parameter. 
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2.2.10 Calculating the Position Gain for Orientation 


(1) 


(2) 


(3) 


When the spindle orientation speed (parameter No. 4038) is set 
to 0, the orientation speed is determined using the following 


expression: 

Nori = 60 x PG x Rorix GEAR 

where, 

Nori: Orientation speed (motor speed) [min’'] 

Rori : Motor speed limit ratio for orientation 
(parameter No. 4076) 

PG : Position gain on orientation [sec] 


(parameter Nos. 4060 to 4063) 
GEAR: Spindle-to-motor gear ratio 
(parameter Nos. 4056 to 4059) 


The position gain for spindle orientation is obtained using the 
following expression: 








Tm 
PG< 
2nx(Jm +J1)x Rori x GEAR 


where, 

PG : Position gain for orientation [sec™'] 
(parameter Nos. 4060 to 4063) 

Tm : 30-min rated torque [Nm] for the motor when rotating 
at Nori [min™] 

Jm_ : Rotor inertia [kgm7] 

Jl: Load inertia converted to motor shaft inertia [kgm*] 

Rori : Motor speed limit ratio for orientation 


(parameter No. 4076) 
GEAR: Spindle-to-motor gear ratio 
(parameter Nos. 4056 to 4059) 


Calculation example when motor model aiI6 is being used alone 
7500[W] 
1500[min=!] x 0.1047 





=47.8[Nm] 


Jm = 0.0179[kgm7] 
Rori = 33[%] 


“PG< aie = 35.9[sec 1] 
2nx 0.0179 x 0.33 
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2.2.11 Adjusting the Orientation Stop Position Shift Parameter 


Adjust the orientation stop position shift parameter by following the 
procedure below. 


(1) Adjustment using diagnosis screen No. 445 (spindle position data 

display) (167, 307) 

(a) Specify parameters as follows: 

No.3117#1=1 (to enable the display function of diagnosis 
screen No. 445) 

No.4016#7=0 

No.4031=0 (When external signals are used for setting, set 
the SHA11 to SHAOO DI signals to 0.) 

No.4077=0 

(b) Enter an orientation command (ORCMA) to stop 
orientation. 

(c) After orientation is stopped, check that diagnosis screen No. 
445 displays 0. 

Cancel the orientation command and set the emergency stop 
state to deactivate the motor. 

(d) Rotate the spindle manually to the position where you want 
the spindle to stop then read the displayed value of 
diagnosis screen No. 445. 

(e) Set the displayed value of (d) as the parameter data for an 
orientation stop position shift amount (parameter No. 4077). 


Example: 
Value displayed in No. 445 Value displayed in No. 445 when 
when orientation is stopped =0 > _ the spindle is rotated manually in 
the emergency stop state = 1024 





Value to be specified in the parameter No. 4077 = 1024 


NOTE 
1 The display function of diagnosis screen No. 445 is a 
maintenance function. After completion of 


adjustment, return the setting of bit 1 of parameter 
No. 3117 to 0. 

2 The FS15i does not have the spindle position data 
display function. 
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(2) Adjustment using the spindle check board 


(a) 


(b) 


(c) 
(d) 


(e) 
(f) 


Specify parameters as follows: 

No.4016#7=0 

No.4031=0 (When external signals are used for setting, set 
the SHA11 to SHAOO DI signals to 0.) 

No.4077=0 

To display the position coder counter under position control, 
set the following on the spindle check board: 

d-01=295 

d-02=0 

d-03=0 

d-04=0 

Enter an orientation command (ORCMA) to _ stop 
orientation. 

Once orientation stops, check that 00000 is displayed. 
Cancel the orientation command and set the emergency stop 
state to deactivate the motor. 

Manually position the spindle to the position where you 
want the spindle to stop. Then, read the displayed value. 

Set the displayed value of (5) as the parameter data for an 
orientation stop position shift amount. 


Example: 
Value displayed when Value displayed when the 


orientation is stopped = 00000 


spindle is positioned manually 
after deactivating the motor = 
01024 


= 





Value to be specified in the parameter No. 4077 = 1024 


Rei 
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2.2.12 Calculating the Orientation Time 


The time required for orientation differs between the first orientation 
(before the one-rotation signal has first been detected) and the second 
and subsequent orientations (once the one-rotation signal has been 
detected). 


(1) Before the one-rotation signal has first been detected(first 
orientation) 
The time, from the input of an orientation command until 
orientation stops, is divided into four periods. 
In the following figure, A indicates that the motor in the stop 
state starts rotating and is accelerated to the orientation speed. B 
indicates that the already rotating motor is decelerated to the 
orientation speed. 


Motor speed t 





' 
' 
1 
' 
' 
1 
' 
' 
1 





1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
' 
' 

_t. 
t 
1 


igi Sess —» Time 


hago te Saas ie, 





: Time required to achieve orientation speed Nori [sec] 

: Time from the detection of a one-rotation signal (0 to 1 rotation) after Nori is achieved, until the 
number of pulses output before the next one-rotation signal has been checked [sec] 

: Time from the completion of the checking of the number of pulses until deceleration starts [sec] 

: Time from the start of deceleration until orientation is completed [sec] 


(a) 


(b) 


(c) 





Normally, t; is measured on the actual machine. 
Orientation speed Nori [min”] is calculated from position 
gain PG [sec'] and the motor speed limit ratio for 
orientation Rori. 
Nori = PG x 60 x Rori 
t. is the time required for the motor to rotate one to two 
turns at orientation speed Nori [min’']. 
1x60 2x60 
—Stys 
Nori Nori 
1 2 

-~<ty< 

PGxRori PG x Rori 
ts is the time required for the motor to rotate zero to one 
turns at orientation speed Nori [min”]. 
0x60 2 1x60 














—St,< - 

Nori Nori 
HOt < nae 
PG x Rori 


one 
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(2) 


(3) 


(d) tg is the time from the start of deceleration until orientation 
has been completed. 
Let the orientation completion width be within +10 pulses. 
Then, t, can be calculated as follows: 
= 1 ae 4096 x Rori 

PG 10 

(e) Therefore, the orientation time t[sec](=t,+t)+t3+t,) can be 

expressed as follows: 





ee 1 fs ai OO BON eae 3 ; 
PGxRori PG 10 PG x Rori 
a) 4096 x Rori 
+—|n ————_ 
PG 10 


Once the one-rotation signal has been detected (second and 

subsequent orientations) 

(a) Once the one-rotation signal has been detected, the time 
required to detect the signal is no longer necessary. 
Therefore, when orientation is started from the rotating state, 
orientation time t[sec](=t)+t;+t,) is expressed as follows: 
be ton 4096 x Rori <tsty+ 1 ee 4096 x Rori 

PG 10 PGxRori PG 10 

(b) Whenever orientation is started from the stop state, 
orientation must be completed and the stop state entered 
within one rotation. In this case, the orientation time t [sec] 
is expressed as follows: 
o<t< ewe eae 4096 x Rori 

PG~xRori PG 10 

Calculation examples 

Time required to achieve the orientation speed t; = 0.5 [sec] 

Position gain PG = 20 [sec"] 

Motor speed limit for orientation Rori = 0.33 (= 33%) 

(a) Orientation time before the one-rotation signal has been 





detected 
Op Ei Bg, BORO OS oe ey 
20x0.33 20 10 20 x 0.33 
1 4096 x 0.33 
+ xIn 
20 10 


-.0.896lsecl] < t <1.196[sec] 
(b) Orientation time when orientation is started from the 
rotating state (once the one-rotation signal has been 








detected) 
0.54 1 Oca Pee ee 1 5 1 : 5 eon OSS 
20 10 20x0.33 20 10 


-. 0.746[sec] < ¢ < 0.896[sec] 
(c) Orientation time when orientation is started from the stop 
state (once the one-rotation signal has been detected) 
1-0.33 1 4096 x 0.33 
EE fae) type ee 
20x0.33 20 10 
.. Olsec] < t < 0.346lsec] 


O<t< 


Pec 
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2.3 RIGID TAPPING 





2.3.1 Start-up Procedure 


A. Check that operation in the velocity control mode is enabled. 


B. Prepare and check the rigid tapping ladder program. 


C. Set up the detector-related parameters according to the system 

configuration. 

- Specify to use the spndile sensor and spindle motor. 

- Specify the rotation direction of the spindle and motor and that of the 
spindle and position coder. 

- Set up the gear ratio between the spindle and motor. 

- Specify an arbitrary gear ratio (for rigid tapping that uses a signal from 
the built-in sensor when the gear ratio between the spindle and motor is 
not 1:1). 


D. Adjust the parameters according to the adjustment procedure. 

- Maximum rotation speed and acceleration/deceleration time constant for 
rigid tapping 

- Position gain for rigid tapping 

- Velocity loop proportional and integral gains for rigid tapping 

- Motor voltage for rigid tapping 

- Motor activation delay 


E. Check the precision by actually performing cutting. 
If there is a problem with the precision of the machine, adjust the 
acceleration/deceleration time constant and velocity loop gains again. 





2.3.2 Overview 


Rigid tapping is a function for performing high-precision tapping by 
exercising position control so that the spindle rotation is synchronized 
with tapping axis feed at all times. 

This subsection describes the specifications of the rigid tapping 
function related to the serial spindle. 


NOTE 


To use this function, the CNC software option is 
required. 
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2.3.3 | System Configuration 


The system configurations that enable the use of rigid tapping are 
shown below. 


(1) When the ai position coder is used 


Spindle motor with built-in 
aiM sensor (or aiMZ sensor) 






Directly connected or connected with 
a gear or timing belt at a ratio of 1:1 


Spindle motor with built-in 
oiM sensor (or oiMZ sensor) 







Spindle 








Directly connected or connected with a gear or 
timing belt at a ratio of 1:1 


(3) When the built-in motor is used 
aiBZ sensor or aiCZ sensor 


Spindle+ 
Bult-in motor 
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(4) When the spindle motor with built-in aiM sensor (or aiMZ sensor) is used 
Spindle motor with built-in 
aiM sensor (or aiMZ sensor) 






Directly connected at a ratio of 1:1 
or 
connected with a gear or timing belt at a ratio of m:n 





1 When performing rigid tapping by using a signal from 
the sensor built into the motor as a position feedback 
signal, use one of the following functions if the gear 
ratio between the motor and spindle is other than 1:1 

(a) Detection arbitrary gear ratio function (DMR 

function) 

(b) Command arbitrary gear ratio function (CMR 

function) 
When using the detection arbitrary gear ratio function 
(DMR function), set the following: 

- Parameters (No. 4171 to No. 4174) for the 
numerator/denominator of an arbitrary gear ratio 
between the motor sensor and spindle 

When using the detection arbitrary gear ratio function 
(DMR function) with a motor containing a built-in aiMZ 
sensor, set bit 6 of No. 4007 to 1 so that the alarms 
related to the position feedback signal (when non-Cs 
contouring control is exercised) are not detected. 
When using the command arbitrary gear ratio function 
(CMR function) with FS16:, set the following: 

- Enable the setting of an arbitrary gear ratio between 
the spindle and position coder (bit 1 of No. 5200 = 1). 

- Enable the setting of the command arbitrary gear 
ratio function (CMR) on rigid tapping (bit 7 of No. 
4006 = 1). 

- Set the parameters for specifying the number of gear 
teeth on the spindle side (No. 5221 to No. 5224). 

- Set the parameters for specifying the number of gear 
teeth on the position coder side (No. 5231 to No. 
5234). 

5 Reference position return can be performed when the 
spindle is directly connected to the motor or when the 
spindle is connected to the motor at a ratio of 1:1. 
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(5) When the separate type aiBZ sensor or separate type aiCZ sensor is used 
Spindle motor with built-in aiM 
sensor (or aiMZ sensor) 







aiBZ sensor or aiCZ sensor 


(6) When the external one-rotation signal (proximity switch) is used 
Spindle motor with built-in oiM 
sensor (or aiMZ sensor) 






External one-rotation 
signal switch (proximity 
switch) 
Gear or timing belt 


NOTE 

1 When using the external one-rotation signal 
(proximity switch), use the detection arbitrary gear 
ratio function (DMR function). 
When using the detection arbitrary gear ratio 
function (DMR function), set the following: 

- Parameters (No. 4171 to No. 4174) for the 
numerator/denominator of an arbitrary gear ratio 
between the motor sensor and spindle 

Set the type of the external one-rotation signal 
(proximity switch) (bits 3 and 2 of No. 4004). 

For stable detection of the one-rotation signal, set a 
reference position return speed (No. 4074) from 50 
to 100 min" according to the specification of the 
used external one-rotation signal (proximity switch). 
When orientation based on the external one-rotation 
signal is used together, match the reference position 
return speed and direction with the orientation speed 
and direction. 
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2.3.4 List of I/O Signals (CNC <> PMC) 


This subsection provides a list of the I/O signals related to rigid 
tapping only. For details of each signal, refer to the Connection 
Manual (Function) of each CNC. 
(a) For Series 161/181/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.11, “RIGID TAPPING.” 
(b) For Series 3037/3 11/321 
“FANUC Series 307/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.11, “RIGID TAPPING.” 
(c) For Series 151 
“FANUC Series 15i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.8, “RIGID TAPPING.” 
(d) For Series 07 
“FANUC Series 0i-MODEL C 
CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.10, “RIGID TAPPING.” 








For details of the I/O signals common to the CNCs, see Chapter 3, 
"I/O SIGNALS (CNC < PMC)", in Part I. 


(1) Input signals (PMC —+ CNC) 
(a) Series 16: 


G027 
G028 
G029 


G061 


NOTE 

1 The rigid tapping of the second spindle is available 
by the multi-spindle control function. 
When SWS1 is set to 1 (regardless of whether 
SWS2 is set to 0 or 1), rigid tapping is performed 
using the 1st spindle. When SWS71 is set to 0, and 
SWS2 is set to 1, rigid tapping is performed using 
the 2nd spindle. 
This signal is used when the rigid tapping of the 
second spindle. 
According to the GR21 signal, the individual gear 
parameters for gear 1 or 2, also used for the ‘st 
spindle, are selected. 
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(b) Series 30: 


(c) Series 15: 


1st- 
2nd- 


(c) Common to CNCs 


151 161 
1st- G227 G070 
2nd- G235 G074 


G027 
G028 
G029 


G061 


G026 
G272 


307 
G070 
G074 





#7 #6 #5 #4 #3 #2 #1 #0 
SWwSs2 
al ) 


GR22 | GR21 
(*2) (*2) 


a ee ee 





NOTE 

1 The rigid tapping of the second spindle is available 
by the multi-spindle control function. 
When SWS1 is set to 1 (regardless of whether 
SWS2 is set to 0 or 1), rigid tapping is performed 
using the 1st spindle. When SWS71 is set to 0, and 
SWS2 is set to 1, rigid tapping is performed using 
the 2nd spindle. 
This signal is used when the rigid tapping of the 
second spindle. 


#1 #0 
a ae ae ey ae ee a 
a ee ee) 











#7 #6 #5 #4 #3 #2 #1 #0 
|| sera | srva [ornta[crnza| | 
| | sere | seve [orm fortis} | 


(2) Output signals (CNC — PMC) 


(a) Series 16: 


F034 


FO65 


F075 


#7 #6 #5 #4 #3 #2 #1 
GR20 | GR10 
(*1) (*1) 


RGSPM | RGSPP 
(*1) (*1) 


a a ae ee 





NOTE 
*1 These signals are effective when M series. 
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(b) Series 30: 


F034 


GR20 | GR10 
(*1) (*1) 





se Far 
a ee ee 


NOTE 
*1 These signals are effective when M series. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee ee 
pt spc [sem | ser | 


(c) Series 15: 






F040 
F155 





2.3.5 Sequence 


For a rigid tapping sequence, refer to the Connection Manual 
(Function) of each CNC. 
(a) For Series 161/181/211 
“FANUC Series 167/18i/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.11, “RIGID TAPPING.” 
(b) For Series 3037/3 11/321 
“FANUC Series 3021/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.11, “RIGID TAPPING.” 
(c) For Series 151 
“FANUC Series 15i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.8, “RIGID TAPPING.” 
(d) For Series 07 
“FANUC Series 0i7- MODEL C 
CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.10, “RIGID TAPPING.” 
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Related Parameters 


Parameter No. 





16i 
5210 


5210 


Description 


M code of rigid tapping command 





5606#6 


5202#0 
(M series only) 


5202#0 


Whether to perform orientation (reference position return) when starting 
rigid tapping 





3706#1,0 
3707#1,0 


Gear ratio between spindle and position coder, 1:1, 1:2, 1:4, 1:8 





5842 


3720 


Number of pulse of the position coder 





5200#1 


Selection of arbitrary gear ratio between spindle and position coder 





5852 
5855 
5858 
5861 


5221 
5222 
5223 
5224 


5221 
5222 
5223 
5224 


Teeth number of spindle side at arbitrary gear ratio (command) setting 
(167/307: No. 5224 is used for the T series only.) 





5851 
5854 
5857 
5860 


5231 
5232 
5233 
5234 


5231 
5232 
5233 
5234 


Teeth number of position coder side at arbitrary gear ratio (command) 
setting (167/307: No. 5234 is used for the T series only.) 





3065 to 3068 


5280 
5281 to 5284 


5280 
5281 to 5284 


Position gain of tapping axis at rigid tapping (167/307: No. 5284 is used for 
the T series only.) 





5605#1 


Acc/Dec type (Set to 1.) 





5711 


5241 
5242 
5243 
5244 


5241 
5242 
5243 
5244 


Spindle maximum speed at rigid tapping (167/307: No. 5244 is used for the 
T series only.) 





5605#2 
5757 
5886 
5889 
5892 


Spindle speed for determining an acceleration value for cutting feed on 
rigid tapping 





5605#2 
5751 
5886 
5889 
5892 


Acc/Dec time constant (167/307: No. 5264 is used for the T series only.) 





5605#2 
5752 
5885 
5888 
5891 
5894 


FL speed for spindle and drilling axis acceleration/deceleration on rigid 
tapping 





5200#4 


5200#4 


Override selection at extracting 





5883 


5211 


5211 


Override value at extracting 





5201#2 
5271 to 5274 


5201#2 
5271 to 5274 


Time constant at extracting (No. 5274 is used for the T series only.) 





5203#2 


Feed-forward function at rigid tapping 





5300 


5300 


In-position width of tapping axis 





5301 


5301 


In-position width of spindle 





5310 
5341 


5310 


Allowable level of position error of tapping axis at moving 





5311 


5311 


Allowable level of position error of spindle at moving 





5312 


5312 


Allowable level of position error of tapping axis at stop 











5313 


5313 





Allowable level of position error of spindle at stop 
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Parameter No. 
16: 





Description 


Backlash of spindle 
5321 to 5324 | 5321 to 5324 |(167: No. 5322 and No. 5324 are used for the T series only. 
307: No. 5324 is used for the T series only.) 





Selection of the bell-shaped acceleration/deceleration function for rigid 
5203#5 5203#5 tapping (the CNC software option (bell-shaped acceleration/deceleration 
for rigid tapping) is required.) 





5365 oats Bell-shaped acceleration/deceleration time constant for rigid tapping 
5366 (For the 16, the relevant parameters are valid with the M series only. For 


5367 ae the 307, parameter No. 5368 is valid with the T series only.) 
3000#4 4000#4 4000#4 Reference position return direction on servo mode 
3002#5 4002#5 4002#5 Whether to enable the rotation direction signal (SFR/SRV) on servo mode 
Setting of the command arbitrary gear ratio function (CMR) on rigid 
tapping 
Setting related to the control characteristics on Cs contouring control or 
servo mode 

- - 4037 Velocity loop feed-forward coefficient 
3044 4044 4044 Velocity loop proportional gain on servo mode/spindle synchronous 
3045 4045 4045 control (It is selected by input signal CTH1A/B.) 
3052 4052 4052 Velocity loop integral gain on servo mode/spindle synchronous control 
3053 4053 4053 (It is selected by input signal CTH1A/B.) 
Gear ratio between spindle and motor 
(It is selected by input signal CTH1A or CTH2A) 
Spindle position gain on servo mode/spindle synchronous control 
(It is selected by input signal CTH1A or CTH2A) 
3073 4073 4073 Grid shift amount on servo mode 
3074 4074 4074 Reference position return speed on Cs contouring control/servo mode 
3091 4091 4091 Position gain change ratio at reference position return time on servo mode 
Motor voltage (for high-speed characteristics) on servo mode/spindle 
synchronous control 
Motor voltage (for low-speed characteristics) on servo mode/spindle 
synchronous control 
3099 4099 4099 Delay time for stable motor excitation 
3171 4171 4171 Denominator of an arbitrary gear ratio between the motor sensor and 
3173 4173 4173 spindle (A parameter is selected by the input signal CTH1A.) 
3172 4172 4172 Numerator of an arbitrary gear ratio between the motor sensor and 
3174 4174 4174 spindle (A parameter is selected by the input signal CTH1A.) 

- - 4344 Advanced preview feed-forward coefficient 











3006#7 4006#7 4006#7 





3016#4 4016#4 4016#4 














3056 to 3059} 4056 to 4059 | 4056 to 4059 





3065 to 3068} 4065 to 4068 | 4065 to 4068 














3085 4085 4085 





3137 4137 4137 























NOTE 


1 For the parameters related to detectors, see Section 
1.3, “PARAMETERS RELATED TO DETECTORS?’ in 
the Part I. 

For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part I. 
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2.3.7 Details of Related Parameters 


151 
3000 


151 
3002 


167 30: 
4000 4000 


RETSV 


167 30: 
4002 4002 


SVMDRT 


This subsection details the serial spindle parameters (in the four 
thousands for 161, and in the four thousands for 307, and in the three 
thousands for 157) among the parameters related to rigid tapping. For 
details of other parameters, refer to the Connection Manual (Function) 
of each CNC. 
(a) For Series 161/187/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Section 9.11, “RIGID TAPPING.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3071/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Section 11.11, “RIGID TAPPING.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.8, “RIGID TAPPING.” 
(d) For Series 07 

“FANUC Series 0i-MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 

Refer to Section 9.10, “RIGID TAPPING.” 





#7 #6 #5 #4 #3 #2 #1 #0 
PT ersvf ET 
Reference position return direction on servo mode (rigid 
tapping/spindle positioning) 

0: The spindle performs a reference position return operation in the 
CCW (counterclockwise) direction. 


The spindle performs a reference position return operation in the 
CW(clockwise) direction. 


an 


#7 #6 #5 #4 #3 #2 #1 #0 
| | svmrr} | | 


Whether to enable the rotation direction signal (SFR/SRV) function 

on servo mode (rigid tapping/spindle positioning) 

0: Enables the rotation direction function. 

If a move command from the CNC is positive (+), 

(a) The spindle rotates in the CCW direction when the input 
signal SFR (bit 5 of G70) = 1. 

(b) The spindle rotates in the CW direction when the input 
signal SRV (bit 4 of G70) = 1. 

Disables the rotation direction function. 

If a move command from the CNC is positive (+), the spindle 

rotates in the CCW direction when the input signal SFR = 1 or 

SRV = 1. 


_ 
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157 167 30 
3006 4006 4006 


RGTCMR 


151 167 30: 
3016 4016 4016 


IDLPTN 


30: 
4037 


Unit of data : 
Valid data range : 
Standard setting value : 


#7 #6 #5 #4 #3 #2 #1 #0 
[esc a ae a A (I 
Sets the command arbitrary gear ratio function (CMR) on rigid 
tapping. 

0: Disables the command arbitrary gear ratio function. 

1: Enables the specified arbitrary gear ratio function. 

Set this parameter to | when rigid tapping is performed using a signal 
from the sensor built-into the motor as a position feedback signal and 
the gear ratio between the motor and spindle is other than 1:1. 

When using the command arbitrary gear ratio function (CMR 
function), set the following as well: 

e —_ Enabling an arbitrary gear ratio between the spindle and position 
coder (bit 1 of No. 5200 = 1) 

Parameters for the number of gear teeth on the spindle side (No. 
5221 to No. 5224) 


Parameters for the number of gear teeth on the position coder 
side (No. 5231 to No. 5234) 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee eo 
Sets control characteristics on Cs contouring control and servo mode 
(rigid tapping). 

Usually, set this parameter to 0. 

Set this bit to 1 when setting a value less than 100 as the motor 


voltage on Cs contouring control (No. 4086) or as the motor voltage 
on servo mode (No. 4085). 


Velocity loop feed-forward coefficient 


0 to 32767 

0 

This parameter sets a velocity loop feed-forward coefficient for using 
feed-forward control. Set the result of calculation of the following 
expression: 

[spindle inertia + rotor inertia](kg-m7) 

Maximum motor torque (N-m) 





Setting = 214466 x 
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157 167 301 


3044 4044 4044 


3045 4045 4045 


Unit of data : 
Valid data range : 
Standard setting value : 


151 167 30 


3052 4052 4052 


3053 4053 4053 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30: 
3056 4056 4056 
3057 4057 4057 
3058 4058 4058 
3059 4059 4059 


Unit of data : 


Valid data range : 
Standard setting : 


Velocity loop proportional gain on servo mode/spindle synchronous control 
(HIGH) CTH1A=0 


Velocity loop proportional gain on servo mode/spindle synchronous control 
(LOW) CTH1A=1 





0 to 32767 

10 

These parameters set a velocity loop proportional gain on servo mode 
(rigid tapping/spindle positioning) or spindle synchronous control. 
When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 


Velocity loop integral gain on servo mode/spindle synchronous control (HIGH) 
CTH1A=0 


Velocity loop integral gain on servo mode/spindle synchronous control (LOW) 
CTH1A=1 





0 to 32767 

10 

These parameters set a velocity loop integral gain on servo mode 
(rigid tapping/spindle positioning) or spindle synchronous control. 
When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 


Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
Gear ratio (LOW) CTH1A=1, CTH2A=1 





(Motor rotation for one rotation of spindle) / 100 
(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 
100 
These data are used to set the gear ratio between spindle and spindle 
motor. 
Example : 
When the spindle rotates once, set "250" as the data when the 
motor rotates 2.5 times. 
A parameter is selected with the CTH1A and CTH2A input signals. 
Set the gear or clutch status to correspond to the clutch/gear signal 
(CTH1A, CTH2A) in input signals. 
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151 161 301 
3065 4065 4065 
3066 4066 4066 
3067 4067 4067 
3068 4068 4068 

Unit of data : 
Valid data range : 


Standard setting value : 


157 
3073 


Valid data range : 
Standard setting value : 


161 30: 
4073 4073 
Unit of data : 





NOTE 
When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 
the spindle can continue rotating without stopping at 
the time of orientation. So, be sure to set a proper 
gear ratio. 


Spindle position gain on servo mode/spindle synchronous control (HIGH) 
CTH1A=0, CTH2A=0 


Spindle position gain on servo mode/spindle synchronous control 
(MEDIUM HIGH) CTH1A=0, CTH2A=1 


Spindle position gain on servo mode/spindle synchronous control 
(MEDIUM LOW) CTH1A=1, CTH2A=0 


Spindle position gain on servo mode/spindle synchronous control (LOW) 
CTH1A=1, CTH2A=1 


0.01sec™ 

0 to 32767 

1000 

These parameters set a position gain on servo mode (rigid 
tapping/spindle positioning) or spindle synchronous control. 

A parameter is selected according to the input signals CTHIA and 
CTH2A. 


Grid shift amount on servo mode 


1 pulse unit (360 degrees/4096) 

0 to 4095 

0 

This parameter is used to shift the reference position on servo mode 
(rigid tapping/spindle positioning). 

The reference position of the spindle is shifted in the CCW direction 
by the specified number of pulses. 
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157 167 30 


3074 4074 4074 Reference position return speed on Cs contouring control/servo mode 


Unit of data: = 1min™ 
Valid data range: 0 to 32767 
Standard setting value: 0 

e When 0 is set 
The value calculated from the position gain (No. 4065 to No. 
4068) and orientation-time speed limit ratio (No. 4076) as 
indicated below is used as a reference position return speed on 
servo mode (rigid tapping/spindle positioning). 
Reference position return speed (motor speed) = 

60x Position gain sGBariation Speed imi ratio [min] 

e When a value other than 0 is set 
The value set in this parameter is used as a reference position 
return speed on servo mode (rigid tapping/spindle positioning). 


NOTE 
When using the external one-rotation signal 
(proximity switch), set a reference position return 
speed from 50 to 100 min” according to the 
specification of the used external one-rotation signal 
(proximity switch) for stable detection of the 


one-rotation signal. 


157 167 30 


Motor voltage (for high-speed characteristics) on servo mode/ spindle 
3085 4085 4085 


synchronous control 


Motor voltage (for low-speed characteristics) on servo mode/ spindle 
3137 4137 4137 





synchronous control 


Unit of data: 1% 
Valid data range: 0 to 100 
Standard setting value: | Depends on the motor model. 
These parameters set a motor voltage on servo mode (rigid tapping, 
spindle positioning, and so forth). When performing rigid tapping, set 
100 usually. 
When setting a value less than 100, set bit 4 of No. 4016 to | as the 
setting of control characteristics on Cs contouring control/servo mode. 
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157 167 301 
3091 4091 4091 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3099 4099 4099 


Unit of data : 
Valid data range : 
Standard setting value : 


Position gain change ratio at reference position return time on servo mode 


1% 

0 to 100 

100 

This parameter sets a position gain change ratio at reference position 
return time on servo mode (rigid tapping, spindle positioning, and so 
forth). 


NOTE 
An overshoot can occur at reference position return 
time for a cause such as an excessively high 


reference position return speed and an excessively 
large spindle inertia. In this case, an overshoot can 
be avoided by setting a small value in this 
parameter. 





Delay time for stable motor excitation 


lms 

0 to 32767 

0 

This parameter sets a period of time required until motor excitation 
becomes stable on rigid tapping or Cs contouring control. 


NOTE 
In switching from the velocity control mode to rigid 
tapping mode, the stop time excessive error alarm 
can be issued intermittently. 
This is because the excitation state of the spindle 


motor changes abruptly, and therefore a transient 
state occurs in the motor, thus moving the motor 
shaft slightly. 

In such a case, set this parameter. In general, set a 
value from about 300 to 400 (300 to 400 msec). 
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Denominator of an arbitrary gear ratio between the motor sensor and spindle 
(HIGH) CTH1A=0 


3171 4171 +4171 


Numerator of an arbitrary gear ratio between the motor sensor and spindle 
(HIGH) CTH1A=0 


3172 4172 4172 


Denominator of an arbitrary gear ratio between the motor sensor and spindle 
(LOW) CTH1A=1 


3173 4173 = 4173 


Numerator of an arbitrary gear ratio between the motor sensor and spindle 
(LOW) CTH1A=1 


3174 4174 4174 





Unit of data : 
Valid data range: 0 to 32767 
Standard setting value: 0 
These parameters set conversion coefficients (numerator, 
denominator) for using the detection arbitrary gear ratio function 
(DMR function) by multiplying a motor sensor (iM sensor or aiMZ 
sensor) feedback signal by a gear ratio to produce a spindle position 
feedback signal. 
When the spindle rotates Q times while the motor shaft rotates P times 
(there is no common divisor other than | for P and Q), the settings are: 
No. 4171 (No. 4173 when CTH1A = 1) =P 
No. 4172 (No. 4174 when CTH1A = 1)=Q 
When 0 is set in any of these parameters, the setting of 1 is assumed. 


NOTE 
When using the external one-rotation signal 
(proximity switch), use the detection arbitrary gear 


ratio function (DMR function) by setting an arbitrary 
gear ratio between the motor sensor and spindle with 
this parameter. 





157 167 301 


: - 4344 Advanced preview feed-forward coefficient 


Unit of data: 0.01% 
Valid data range: 0 to 10000 
Standard setting value: 0 
This parameter sets a feed-forward coefficient for using feed-forward 
control. Set the same value as for the servo axis simultaneously 
subjected to interpolation. 


- 89 - 


FANUC AC SPINDLE MOTOR ai series 
2.EXPLANATION OF OPERATION MODES _ FANUC BUILT-IN SPINDLE MOTOR Bil series __B-65280EN/06 


2.3.8 Parameter Setting Procedure 


(1) Command arbitrary gear ratio (CMR) 

(a) For a configuration in which the sensor built into the motor is used for position 
detection and the gear ratio between the spindle and motor is not 1:1, as 
shown in sample system configuration 2 below, the command arbitrary gear 
ratio (CMR) is used. 

[Sample system configuration 1] 


When the position detector is connected to the spindle at a ratio of 1:1, 
the command arbitrary gear ratio (CMR) function is not used. 


IF Spindle + 
| H | built-in motor 
= 





oiBZ sensor 
(directly connected to the spindle) 


ai position coder 
(connected to the spindle at a ratio of 1:1) 


[Sample system configuration 2] 
When the sensor built into the motor is used as the position detector in 
a configuration in which the gear ratio between the spindle and motor 
is not 1:1, the command arbitrary gear ratio (CMR) function is used. 













CNC Spindle amplifier 
Arbitrary gear | Position 
ratio command 
(command) 





Position feedback 


Spindle i 


NOTE 
This system configuration also enables the detection 


arbitrary gear ratio function (DMR function) to be 
used. 
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FAN 


[Sample system configuration 3] 


CNC 





Position 
command 


When orientation by the external one-rotation signal is used in a 
configuration in which the gear ratio between the spindle and motor is 
not 1:1, the detection arbitrary gear ratio function (DMR function) is 
used, and the command arbitrary gear ratio function (CMR function) 
is not used. 

Spindle amplifier 







Position 
control 







Arbitrary gear 
ratio 
(command) 







Spindle 





(b) To use the command arbitrary gear ratio (CMR), set the following parameters: 


Pts] | 80 Setting data 
3006#7 4006#7 4006#7 


0: The command arbitrary gear ratio (CMR) is not used. 
1: Rigid tapping is performed using the command arbitrary gear 
ratio (CMR) with the sensor built into the motor. 


(c) Set the parameters to enable the command arbitrary gear ratio (arbitrary gear 
ratio between the spindle and position coder). 


Pi |G’ | 80 Setting data 
a a 2 ee ee ee eee 


(d) Set the parameter "the arbitrary gear ratio between the spindle and the position 
coder" according to each CNC. 


[Series 167] 


Standard machining [M series] 


Gear signal 





GR10 


GR20 


GR30 


(1) Set the gear teeth number of the spindle side. 
Each parameter is selected according to the gear selection signal. 
Standard machining [M series] : GR30, GR20, GRIO 
Turning [T series] and machining [M series] with surface speed 
constant option : GR2, GR1 
Second spindle of turning [T series] : GR21 
(Multi-spindle control option is needed) 
Turning [T series] and machining [M series] with 
surface speed constant 
Parameter No. Gear'signal Parameter No. 
1st. sp 2nd. sp 


GR1 GR21 T series M series 
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Standard machining [M series] 


Gear signal 





GR10 


GR20 


GR30 


(2) Set the gear teeth number of the position coder side. 


Each parameter is selected according to the gear selection signal. 
Standard machining [M series]: GR30, GR20, GR1O 
Turning [T series] and machining[M series] with surface speed 
constant option : GR2, GR1 
Second spindle of turning [T series] : GR21 
(Multi- spindle control option is needed) 
Turning [T series] and machining [M series] with 
surface speed constant 
Gear signal 





Parameter No. Parameter No. 


1st. sp 2nd. sp 
GR1 GR21 T series M series 











[Series 30:] 


Standard machining [M series] 








Gear signal 





Parameter No. 





GR10 


GR20 


GR30 




















(1) Set the gear teeth number of the spindle side. 


Each parameter is selected according to the gear selection signal. 
Standard machining [M series] : GR30, GR20, GRIO 
Turning [T series] and machining [M series] with surface speed 
constant option : GR2, GR1 
Second spindle : GR21, GR21 
(Multi-spindle control option is needed) 
Turning [T series] and machining [M series] with 
surface speed constant 

Gear signal Parameter No. 

GRs1* GRs2* T series M series 











Standard machining [M series] 








Gear signal 





Parameter No. 





GR10 


GR20 


GR30 














* First spindle: GR1, GR2 / Second spindle: GR21, GR22 


(2) Set the gear teeth number of the position coder side. 


Each parameter is selected according to the gear selection signal. 
Standard machining [M series]: GR30, GR20, GR1O 
Turning [T series] and machining[M series] with surface speed 
constant option: GR2, GR1 
Second spindle : GR21, GR21 
(Multi-spindle control option is needed) 
Turning [T series] and machining [M series] with 
surface speed constant 

Gear signal Parameter No. 

GRs1* GRs2* T series M series 
































* First spindle: GR1, GR2 / Second spindle: GR21, GR22 
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[Series 15] 


Gear signal Parameter No. 
Gear teeth number of Gear teeth number of 
spindle side position coder side 





CTH1A | CTH2A 























(2) Gear ratio between the spindle and the motor 
The loop gain constant (position gain constant) parameter is not used 
in the a series (serial) spindle system. 
“Gear ratio between the spindle and the motor” parameter should be 
set instead of it. 
Each parameter is selected according to the gear selection signal 
(CTH1IA/B, CTH2A/B). 


[1st. sp] 
Gear signal Parameter No. 
CTH1A CTH2A j 16i 
3056 (S1) 4056 (S1) 4056 (S1) 
3057 (S1) 4057 (S1) 4057 (S1) 
3058 (S1) 4058 (S1) 4058 (S1) 
3059 (S1) 4059 (S1) 4059 (S1) 





























[2nd. sp] 
Gear signal Parameter No. 
CTH1B j 16i 





























- 93 - 


FANUC AC SPINDLE MOTOR ai series 
2.EXPLANATION OF OPERATION MODES _ FANUC BUILT-IN SPINDLE MOTOR Bil series __B-65280EN/06 


(3) Position gain 
In rigid tapping, the tapping axis and spindle are controlled to be 
synchronized. So, the position gains of the tapping axis and spindle 
must be set to the same value. 


[Series 167] 
The position gain parameter of the tapping axis in the rigid tapping is 
selected as follows according to the gear selection signal. 

Standard machining [M series]: GR30, GR20O, GR1O 

Turning [T series] and machining [M series] with surface speed 
constant option : GR2, GR1 

Second spindle of turning [T series]: GR21 (Multi-spindle control 
option is needed) 

Turning [T series] and machining [M series] with 

surface speed constant 

Gear signal Gear signal 


Parameter No. Parameter No. 
GR10 | GR20O | GR30 1st. sp 2nd. sp 


Standard machining [M series] 











GR1 GR2 GR21 T series M series 



































NOTE 

*{ When this parameter is "0", each gear parameter 
becomes valid. 
When this parameter is not "0", each gear parameter 
becomes invalid, and this parameter is always used. 





The position gain parameter of the spindle in the rigid tapping is 
selected as follows according to the gear selection signal (CTHIA/B, 
CTH2A/B). (This is common T series and M series) 


[1st. sp] [2nd. sp] 

Gear signal Parhmeter Ne: Gear signal 
CTH1A | CTH2A CTH1B | CTH2B 
4065 (S1) 4065 (S2 
4066 (S1) 4066 (S2 
) 
) 








Parameter No. 








4067 (S1 4067 (S2 
4068 (S1 4068 (S2 

















/A\ CAUTION 


Take care to input the gear selection signal GR1, 
GR2, GR21, GR10, GR2O, GR30 and CTH1A/B, 
CTH2A/B according to the real gear state in order to 
get the same position gain of the tapping axis and 
that of the spindle, because GR1, GR2, GR21, 
GR10, GR20, GR30 and CTH1A/B, CTH2A/B are 
inputted independently. 
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Standard machining [M series] 
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Gear signal 





GR10 


GR20 


GR30 


The position gain parameter of the tapping axis in the rigid tapping is 

selected as follows according to the gear selection signal. 

Standard machining [M series]: GR30, GR2O, GR1O 

Turning [T series] and machining [M series] with surface speed 

constant option : GR2, GR1 

Second spindle : GR22, GR21(Multi-spindle control option is needed) 

Turning [T series] and machining [M series] with 
surface speed constant 


Gear signal Parameter No. 
GRs1* GRs2* T series M series 


Parameter No. 





5231 





5232 














5233 

















* First spindle: GR1, GR2 / Second spindle: GR21, GR22 


NOTE 

*{ When this parameter is "0", each gear parameter 
becomes valid. 
When this parameter is not "0", each gear parameter 
becomes invalid, and this parameter is always used. 





The position gain parameter of the spindle in the rigid tapping is 
selected as follows according to the gear selection signal (CTHIA/B, 
CTH2A/B). (This is common T series and M series) 


[1st. sp] [2nd. sp] 
Gear signal Gear signal 





Parameter No. 





Parameter No. 


4065 (S1 4065 (S2 





4066 (S1 4066 (S2 























) 

) 
4067 (S1) 4067 (S2 
4068 (S1) 4068 (S2 


/A\. CAUTION 


Take care to input the gear selection signal GR1, 
GR2, GR21, GR22, GR10, GR2O, GR30 and 
CTH1A/B, CTH2A/B according to the real gear state 
in order to get the same position gain of the tapping 
axis and that of the spindle, because GR1, GR2, 
GR21, GR22, GR10, GR2O, GR30 and CTH1A/B, 
CTH2A/B are inputted independently. 
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[Series 15] 
In the rigid tapping, the same parameter address data is used for the 
position gain of the tapping axis and the spindle. 
Each position gain is selected as follows according to the gear 
selection signal (CTH1A, CTH2A). 


Gear signal 
CTH1A CTH2A 


Parameter No. 























(4) Acceleration/deceleration time constant 


[Series 167] 


(1) Each parameter can be set for each gear and is selected according 
to the gear selection signal. 
By setting the following parameter, the different time constant 
between the cutting in and cutting out (extracting) becomes 
available. 


0: The same time constant between cutting in and out. 


(No. 5261 to 5264) 


1: The different time constant between cutting in and 
out. 
Cutting in : No. 5261 to 5264 
Cutting out: No. 5271 to 5274 


Standard Machining [M series]: GR30, GR2O, GR1O 

Turning [T series] and Machining [M series] with surface speed 
constant : GR2, GR1 

2nd. sp of Turning [T series] : GR21 (Multi- spindle control 
option is needed) 


Standard machining [M series] 
Gear signal Spindle max. 


speed at rigid 


Time constant Time constant 
(Cutting in) (Cutting out) 





GR10 | GR20 | GR30 tapping 


Parameter No. Parameter No. 
Parameter No. 
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Turning [T series] and machining [M series] with surface speed constant 
signal 


Gear 





1 


st. sp 


2nd. sp 





GR1 


GR2 


GR21 


Time constant 
(Cutting in) 
Parameter No. 


Time constant 
(Cutting out) 
Parameter No. 


Spindle max. speed at 
rigid tapping 
Parameter No. 





T/TT series | M series 























NOTE 
*1 This is not available for Machining (M series). 





(2) The override at extracting. 








0: The override at extracting is not valid. 


1: The override at extracting is valid. 
(Set override value at No. 5211) 


(1) Each parameter can be set for each gear and is selected according 
to the gear selection signal. 
By setting the following parameter, the different time constant 
between the cutting in and cutting out (extracting) becomes 
available. 


Gear signal 


(No. 5261 to 5264) 
1: The different time constant between cutting in and 


out. 


The same time constant between cutting in and out. 


Cutting in : No. 5261 to 5264 
Cutting out: No. 5271 to 5274 


Standard Machining [M series]: GR30, GR2O, GR1O 

Turning [T series] and Machining [M series] with surface speed 
constant : GR2, GR1 
2nd. sp : GR21, GR21 (Multi- spindle control option is needed) 


Standard machining [M series] 


Time constant 





GR10 


GR20 


GR30 


(Cutting in) 
Parameter No. 


Time constant 
(Cutting out) 
Parameter No. 


Spindle max. 
speed at rigid 
tapping 
Parameter No. 
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Turning [T series] and machining [M series] with surface speed constant 


Time constant Time constant Spindle max. speed. at 


(Cutting in) (Cutting out) rigid tapping 


Parameter No. 
Parameter No. Parameter No. ~ - 
T series M series 


Gear signal 



































* First spindle: GR1, GR2 / Second spindle: GR21, GR22 


NOTE 
*1 This is not available for Machining (M series). 


(2) The override at extracting. 
0: The override at extracting is not valid. 


1: The override at extracting is valid. 
(Set override value at No. 5211) 


[Series 15] 
(1) Acc/Dec type 
0: Exponential type Acc/Dec 
1: Linear type Acc/Dec 


NOTE 


Usually, linear type acceleration/deceleration (bit 1 of 
No. 5605 = 1) is used. 





(2) Set Acc/Dec the time constant of the rigid tapping mode. 
<1> The time constant is a fixed value if bit 2 of parameter No. 





5605 = 0. 
Acc/Dec time constant 5751 
Spindle speed 5757 


<2> When bit 2 of parameter No.5605 is set to 1, one of the four 
acceleration/deceleration time constants is selected, 
depending on the spindle speed. 


Spindle speed Acc/Dec time constant 
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2.3.9 Adjustment Procedure 


(1) Parameters used for adjustment 
The table below lists and describes the parameters used for adjusting 
rigid tapping. 


Parameter No. (FS16i) Description 





Maximum spindle speed on rigid tapping (Depends on the GR signal. No.5244 is for 
the T series only.) 

[Acceleration/deceleration time constant on rigid tapping (Depends on the GR signal. 
No.5264 is for the T series only.) 

Position gain of tapping axis on rigid tapping (No.5280 is for all gears. No.5281 to 


5241 to 5244 





5261 to 5264 





























sae ae No.5284 depend on the GR signal. No.5284 is for T series only.) 
4065 to 4068 Spindle position gain on rigid tapping (depends on CTH1A and CTH2A signals) 
4044 to 4045 Velocity loop proportional gain on rigid tapping (depends on CTH1A signal) 
4052 to 4053 (Velocity loop integral gain on rigid tapping (depends on CTH1A signal) 
4085 Motor voltage on rigid tapping (for high speed characteristics) (Specify 100). 
4137 Motor voltage on rigid tapping (for low speed characteristics) (Specify 100). 
4099 Delay time for motor excitation. (Specify a value around 300 to 400). 
4016#4 Control properties settings on rigid tapping. (Set "0" as normal.) 


NOTE 
When the maximum speed for rigid tapping (in terms 
of motor axis) is higher than the base speed of the 
spindle motor, set a value less than 100 as the motor 
voltage (No. 4085, No. 4137) for rigid tapping 


according to the following expression: 
Motor voltage (%)= 


100 Spindle motor base speed 
Maximum speed for rigid tapping (in terms of motor axis) 


In this case, also set bit 4 of No. 4016 to 1 as the 
setting of control characteristics on rigid tapping. 
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(2) Spindle data used for adjustment 
Adjust the parameters while observing the motor speed, torque 
command, velocity error, synchronous error, and other waveform by 
using a spindle check board and oscilloscope or SERVO GUIDE. The 
table below lists spindle check board settings for observing the 
waveform. 


Check board setting address 
Output to CH1 |Output to CH2 





Settings Observing data 


Velocity error 
+128 min” at +5 V 
+256min' at +5 V if d-06 (d-10) is set to 13 








Torque command 

Maximum positive/negative torque command at +5 V 
Maximum positive/negative torque command at +2.5 V 
if d-06 (d-10) is set to 8 

Synchronous error (value converted for the spindle: 
4096 pulses/rev) 

+128 pulses at +5 V 

+256 pulses at +5 V if d-06 (d-10) is set to 1 

+512 pulses at +5 V if d-06 (d-10) is set to 2 

Motor speed 

+8192 min’ at +5 V 

+4096 min” at +5 V if d-06 (d-10) is set to 17 

+2048 min’ at +5 V if d-06 (d-10) is set to 16 























NOTE 

When observing the synchronous error of Series 167, 

set the following parameters: 

No. 3700, #7 = 1: 
Uses the synchronous error output (maintenance 
function). 
(Return the setting to 0 after the observation is 
completed.) 

No. 5203, #7 = 1: 
Sets a synchronous error update cycle. 
(Return the setting to 0 after the observation is 
completed.) 

No. 5204, #0 =0: 
Displays the synchronous error on the diagnosis 
screen. 
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(3) Adjustment procedure 
(3)-1 Specifying an acceleration/deceleration time constant (1): 
Specifying a provisional value 
Before optimizing the acceleration/deceleration time constant, adjust 
the gain to improve the response. Following (a) or (b) below, specify a 
provisional acceleration/deceleration time constant according to the 
target maximum speed. 


(a) Specifying a provisional time constant according to the velocity waveform in 


actual acceleration/deceleration 
Observe the motor velocity waveform (velocity control mode) in 
acceleration up to the maximum rigid tapping speed. Specify such a 
provisional time constant that the inclination (acceleration) during 
rigid tapping acceleration becomes about a half of the inclination of a 
tangent to the motor velocity waveform near the location of maximum 
speed. See the sample waveform shown below. 





Maximum rigid tapping speed (No. 5241 to 5244) 
4000 min’ in this example 

Time of acceleration by the maximum torque at Nr 
About 400 ms in this example 






Rigid tapping acceleration/deceleration time constant 
(No. 5261 to 5264) 800 ms, which is two times fa, in 
this example 





4096. min“'/ 5V 





ta 











In this example, the maximum rigid tapping speed Nr is set to 4000 
min’. To determine the acceleration/deceleration time constant, the 
motor velocity waveform in acceleration up to 4000 min’ is observed. 
If the acceleration is performed with the maximum motor torque at 
4000 min’, the acceleration time ta needed to attain 4000 min’ is 
about 400 ms, as shown above. This is the minimum value of 
acceleration/deceleration time constant tr, which can be specified 
without consideration of cutting load. A time constant that can be 
specified in consideration of cutting load is usually about 1.2 to 1.5 
times this value. As a provisional value for gain adjustment, 
approximately double (800 ms) is specified here. 
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(b) Specifying a value calculated from the relationship between the maximum 
torque and spindle inertia 
Specify an acceleration/deceleration time constant calculated from the 
following expression: 
_ Jmlkgm*]+JL[kgm?] 27 


tr[ms] = 2 —— 8 =X = x Nr[min |] x GR x1000 x 2 
T max(Nr)[Nm] 60 

tr[ms] : Acceleration/deceleration time constant on rigid 
tapping (No. 5261 to 5264) 

Nr{min"}: Maximum spindle speed on rigid tapping (No. 5241 
to 5244) 

GR : Spindle-motor gear ratio (Motor rotation per spindle 
rotation) 

Tmax(Nr) [Nm]: Maximum torque of spindle motor at Nr 

Jm [kgm’]: Rotor inertia of spindle motor 

JL[kgm’]: Spindle load inertia(converted for the motor shaft) 


(3)-2 Specifying a position gain 

Specify an initial value of about 2000(20 sec’') to 3000(30 sec’'), then 
adjust the value as needed. Basically, specify identical values for the 
spindle and tapping axis. 

After specifying the position gain, check whether the spindle is 
operating as designed. For that purpose, check that the position error 
(value displayed on the CNC screen) during stable rotation at the 
maximum speed is almost the same as the theoretical value. This 
theoretical value is calculated as shown below. If the theoretical value 
is substantially different, re-check the parameters related to position 
gain, gear ratio, and detector. 


Perr(Nr)[ pulse] = Nelmin “| x 4096| pulse/ rev] x ae 

0 PGlsec™} 
Perr(Nr) [pulse] : Position error in stable rotation at Nr 
Nr [min]: Maximum speed on rigid tapping 
PG [sec]: Position gain on rigid tapping 


If the gear ratio is 1:1 at Nr=4000 min’! and PG=3000 (30 sec”), the 
position error in stable rigid tapping at Nr is calculated as follows: 


Perr( Nr) = au 
60 





x 4096 x x = 9102 pulse] 
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(3)-3 Specifying a velocity loop gain 


Refer to Section 4.1, “WELOCITY LOOP GAIN ADJUSTMENT?” for 
details of the velocity loop proportional/integral gain. Adjust the 
velocity loop proportional/integral gain so that the velocity error 
decreases. 

During the adjustment, observe the velocity error and motor speed. 
Sample waveforms before and after the adjustment are shown below: 


(a) Waveform before adjustment (No. 4044 = (b) Waveform after adjustment (No. 4044 = 


10, No. 4052 = 10) 


20, No. 4052 = 60) 





CH? : Motor speed : 
2048 min“‘/div : 








CH1: Velokity eviation 
12.5 min“/div : 


foclersdndeclonbesbeadeelenboboy selene ondecbonbefoden bende 








E ! : i F ; 





CH1: Velocity deviation 
12. St min v'idiv i 







CH2 : Motor speed : 
2048 min“/div i 

















(3)-4 Specifying an acceleration/deceleration time constant (2) : 
Specifying an optimum value 


Observing the torque command and motor speed, make a final 
adjustment of the time constant. Adjust the time constant in 
consideration of the actual cutting load, so that the peak torque at air 
cut becomes about 70% to 80% (3.5 to 4.0 V) of the maximum value. 
Sample waveforms before and after the adjustment are shown below: 


(a) Waveform before adjustment (No. 5261 = 800) (b) Waveform after adjustment (No. 5261 = 480) 








CHI: Torque. command. 
50% ay 





2048 min/ div 










CH2 : Motor speed : 


} 






CH1.: Torque 
50% | div 


ee i Jpocbeenfondconbnocbeefon nce ese endorse eee dondoe 


CH2: Motor speed. : 
2048 min’ Tay Arn re re eet ne 
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(3)-5 Checking the synchronous error 

The spindle adjustment ends when the adjustments described in above 
procedures are completed. After the spindle adjustment, check the 
synchronous error between the spindle and servo axis, which will be 
an index of rigid tapping precision. 
The synchronous error is a difference between the spindle position 
error and the servo axis position error converted for the spindle. 

SYNCER\|pulse] = PERsplpulse] — PERsvipulsel 

SYNCER [pulse]:Synchronous error 

(4096 pulses per spindle rotation) 
PERsp [pulse]:Spindle position error 
PERsv [pulse]:Servo axis position error converted for the spindle 
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2.3.10 Diagnosis (Diagnosis Screen) 


This subsection provides a list of the diagnosis (diagnosis screen) 
indications related to rigid tapping only. For details, refer to the 
Connection Manual (Function) of each CNC. 
(a) For Series 161/181/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.11, “RIGID TAPPING.” 
(b) For Series 3037/3 11/321 
“FANUC Series 30i/311/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.11, “RIGID TAPPING.” 
(c) For Series 151 
“FANUC Series 15i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.8, “RIGID TAPPING.” 
(d) For Series 07 
“FANUC Series 0i-MODEL C 
CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.10, “RIGID TAPPING.” 








(1) Series 16: 


Address Description 

Position error pulse of the tapping axis (error) 
Position error pulse of the spindle (error) 
Interpolation pulse of the spindle 

Integrated interpolation pulse of the spindle 
Difference of move command converted for the 
spindle (instantaneous) 

Difference of position error converted for the spindle 
(instantaneous) 

(In terms of spindle) Width of synchronous error 
(maximum) 


























NOTE 
The data indicated below is displayed only when bit 
0 (DGN) of parameter No. 5204 is set to 0. Usually, 
set 0. 
0455 : Difference of move command converted for 
the spindle (instantaneous) 
0456 : Difference of position error converted for the 
spindle (instantaneous) 
0457 : (In terms of spindle) Width of synchronous 
error (maximum 
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(2) Series 30: 


Address Description 

Position error pulse of the tapping axis (error) 
Position error pulse of the spindle (error) 
Interpolation pulse of the spindle 

Integrated interpolation pulse of the spindle 
Difference of move command converted for the 
spindle (instantaneous) 

Difference of position error converted for the spindle 
(instantaneous) 

(In terms of spindle) Width of synchronous error 
(maximum) 


























NOTE 
The data indicated below is displayed only when bit 
0 (DGN) of parameter No. 5204 is set to 0. Usually, 
set 0. 
0455 : Difference of move command converted for 


the spindle (instantaneous) 

0456 : Difference of position error converted for the 
spindle (instantaneous) 

0457 : (In terms of spindle) Width of synchronous 
error (maximum) 


(3) Series 15: 


Address Description 
Position error pulse of the spindle (instantaneous) 





Position error pulse of the spindle (maximum) 





Position error pulse of the tapping axis 
(instantaneous) 





Position error pulse of the tapping axis (maximum) 





(Value converted for the spindle) Width of 
synchronous error (instantaneous) 





(Value converted for the spindle) Width of 
synchronous error (maximum) 
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2.3.11 Alarm 


(1) Series 16: 


This subsection provides a list of the alarms related to rigid tapping 
only. For details, refer to the Connection Manual (Function) of each 
CNC. 
(a) For Series 161/181/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.11, “RIGID TAPPING.” 
(b) For Series 3037/3 11/321 
“FANUC Series 30i/311/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.11, “RIGID TAPPING.” 
(c) For Series 151 
“FANUC Series 15i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.8, “RIGID TAPPING.” 
(d) For Series 07 
“FANUC Series 0i-MODEL C 
CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.10, “RIGID TAPPING.” 








(a) Program error (P/S Alarm) 


Alarm number Description 


S command is over the range or not inputted. 





F command is not inputted. 





The interpolation pulse for the spindle is over the range 





The commanded place of M29 or S command is not proper. 





The axis move command is inserted between M29 and G84 (G74). 





The rigid mode input signal is not ON during G84 (G74) although M29 is commanded. 
The rigid mode DI signal does not go ON. 
The rigid mode input signal goes OFF during the rigid tapping. 





The plane change is commanded during the rigid tapping. (M series only) 





(b) Servo alarm 








In rigid tapping, the lead is too short or too long. (M series only) 


Alarm number Description 


The position error of the tapping axis or the spindle at stop exceeds the alarm level. 





The position error of the tapping axis or the spindle at moving exceeds the alarm level. 





Tapping axis LSI overflow (error counter overflow) 





Position error at rest on the spindle side is larger than the predetermined value (No. 5313). 





The positional deviation during movement on the spindle side is larger than the setting of No. 
5311. 











Spindle LSI overflow (error counter overflow) 
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(2) Series 30: 
(a) Program error (P/S Alarm) 


Alarm number Description 


PS0200 S command is over the range or not inputted. 

PS0201 F command is not inputted. 

PS0202 The interpolation pulse for the spindle is over the range 

PS0203 The commanded place of M29 or S command is not proper. 

PS0204 The axis move command is inserted between M29 and G84 (G74). 

The rigid mode input signal is not ON during G84 (G74) although M29 is commanded. 
PS0205 The rigid mode DI signal does not go ON. 

The rigid mode input signal goes OFF during the rigid tapping. 

PS0206 The plane change is commanded during the rigid tapping. (M series only) 

PS0207 In rigid tapping, the lead is too short or too long. (M series only) 





























(b) Servo alarm 


Alarm number Description 


SV0410 The position error of the tapping axis or the spindle at stop exceeds the alarm level. 

SV0411 The position error of the tapping axis or the spindle at moving exceeds the alarm level. 
$V0413 Tapping axis LSI overflow (error counter overflow) 

SP0740 Position error at rest on the spindle side is larger than the predetermined value (No. 5313). 
The positional deviation during movement on the spindle side is larger than the setting of No. 
5311, or the synchronous error is larger than the setting of No. 5214. 

SP0742 Spindle LSI overflow (error counter overflow) 














SP0741 











(2) Series 15: 
(a) Program error (P/S Alarm) 


Alarm number Description 


PS0223 An attempt was made to execute an instruction that uses the spindle although the spindle to be 
controlled has not been set correctly. 

When the feedrate instruction contains valid data below the decimal point, the alarm is set and 
the F code contains valid data below the decimal point. 

When the feedrate instruction contains valid data below the decimal point, the alarm is set and 
the E code contains valid data below the decimal point. 

The feedrate for the hole drilling axis calculated from the F and S codes is too slow in the feed 
per single rotation mode (G95). 

The feedrate for the hole drilling axis calculated from the F and S codes is too fast in the feed 
per rotation mode (G95). 

The feedrate for the hole drilling axis calculated from the E and S codes is too slow in the feed 
per rotation mode (G95). 

The feedrate for the hole drilling axis calculated from the E and S codes is too fast in the feed 
per rotation mode (G95). 

PS0537 The speed obtained by applying override to the F instruction is too slow. 

PS0538 The speed obtained by applying override to the F instruction is too fast. 

PS0539 The speed obtained by applying override to the E instruction is too slow. 

PS0540 The speed obtained by applying override to the E instruction is too fast. 

PS0541 "0" has been instructed as the S code. 

PS0542 "0" has been instructed as the feedrate (E code). 

PS0543 The gear ratio between the spindle and position coder, or the set position coder number of 
pulses is illegal in the spindle position function and the rigid tapping function. 

PS0544 The value specified with the S command exceeds the maximum spindle speed. 





PS0531 





PS0532 





PS0533 





PS0534 





PS0535 





PS0536 
































- 108 - 


FANUC AC SPINDLE MOTOR ai series 
B-65280EN/06__ FANUC BUILT-IN SPINDLE MOTOR Bil seri 2.EXPLANATION OF OPERATION MODES 


(b) Spindle alarm (SP alarm) 
Alarm number Description 
SP0224 The spindle-position coder gear ratio was incorrect. 


SP0231 The position error during spindle rotation was greater than the value set in parameter 
(No.5876). 








SP0232 The position error during spindle stop was greater than the value set in parameter (No.5877). 
SP0233 The error counter/speed instruction value of the position coder overflowed. 

SP0234 Grid shift overflowed. 

SP0235 The orientation (reference position return) speed is too fast. 

SP0238 An attempt was made to change the spindle mode during the rigid tapping mode. 
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2.4 Cs CONTOURING CONTROL 





2.4.1 Start-up Procedure 


A. Check that operation in the velocity control mode is enabled. 
B. Prepare and check the ladder program for the Cs contouring control 
function. 


C. Set the necessary parameters for Cs contouring control. 
D. Check and adjust the waveforms on the Cs contouring control detector. 


E. Check the operation of reference position return. 

- Direction of return to the reference position in Cs contouring control 
mode 

- Maximum speed in Cs contouring control mode 

- Feedrate at which return to the reference position is performed in Cs 
contouring control mode 

- Parameter for the rate of change in the position gain for return to the 
reference position in Cs contouring control mode 


F. Check the stop position when return to the reference position is 
performed. 
- Grid shift in Cs contouring control mode 


G. Check the direction of spindle rotation in Cs contouring control mode. 
- Parameter specifying the direction of rotation for a positive (+) motion 
command 


H. Adjust and check the Cs contouring control servo system. 
(Check the operation in jog mode, rapid traverse mode, handle mode, 
and other modes.) 
- Position gain in Cs contouring control mode 
- Velocity loop proportional gain in Cs contouring control mode 
- Velocity integral gain in Cs contouring control mode 
- Motor voltage in Cs contouring control mode 
- Disturbance torque compensating constant (acceleration feedback gain) 
- Spindle speed feedback gain 


|. End of operation check in Cs contouring control mode 
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2.4.2 Overview 


Cs contouring control is a function for exercising position control by 
handling the spindle as a CNC controlled axis with an aiMZ sensor, 
aiBZ sensor, aiCZ sensor, or o position coder S. 

This function enables positioning and interpolation with another servo 
axis. This means that linear interpolation, circular interpolation, and so 
forth can be specified between the spindle and a servo axis. 


NOTE 
To use this function, the CNC software option is 


required. 





2.4.3 System Configuration 


The system configurations that enable the use of the Cs contouring 
control function are shown below. 


(1) When the o position coder S is used 
Spindle motor with built-in aiM 
sensor (or aiMZ sensor) 








Directly connected or connected with a gear or 
timing belt at a ratio of 1:1 


(2) When the built-in motor is used 
aiBZ sensor or aiCZ sensor 


Spindle+ 
Bult-in motor 
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(3) When the spindle motor with built-in aiMZ sensor is used 
Spindle motor with built-in 
aiMZ sensor 






Directly connected or connected with a gear or 
timing belt at a ratio of 1:1 





(4) When the separate type aiBZ sensor or separate type aiCZ sensor is used 
Spindle motor with built-in aiM 
sensor (or aiMZ sensor) 





aiBZ sensor or aiCZ sensor 
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2.4.4 List of I/O Signals (CNC <> PMC) 


(1) Input signals (PMC —+ CNC) 


(a) Series 16: 


(b) Series 30: 


(c) Series 15: 


G027 
G028 


G027 
G028 


G067 
G071 


This subsection provides a list of the I/O signals related to Cs 
contouring control only. For details of each signal, refer to the 
Connection Manual (Function) of each CNC. 

For Series 167/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 


(a) 


(b) 


(c) 


(d) 


Refer 


to Section 9.9, “Cs CONTOUR CONTROL.” 


For Series 3021/3 11/327 
“FANUC Series 30/3 1i/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 


Refer 


to Section 11.9, “Cs CONTOUR CONTROL.” 


For Series 157 
“FANUC Series 15i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 


Refer 





to Section 9.7, “Cs CONTOUR CONTROL.” 


For Series 07 

“FANUC Series 0i7-MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.8, “Cs CONTOUR CONTROL.” 





For details of the I/O signals common to the CNCs, see Chapter 3, 
"I/O SIGNALS < CNC (PMC)", in Part I. 








#7 #6 #5 #4 #3 #2 #1 #0 
sonra] | | 


sonra] | | TT 
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(d) Common to CNCs 












151 16i 30i #7 #6 #5 #4 #3 #2 #1 #0 
1st- G226 GO071 G071 
2nd- G234 G075 G075 





(2) Output signals (CNC — PMC) 


(a) Series 16: 
© CTT TT Teeter ar 
Foo ee Gere eee 


NOTE 
1* These signals are valid with the M series only. 
GR2O GR10 


NOTE 
1* These signals are valid with the M series only. 





(b) Series 30: 





(c) Series 15: 


F064 
F068 
FO67 
F071 
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2.4.5 Examples of Sequences 


(Example 1) During normal operation 


Velocity control modg ¢ Cs contouring control mode “? p< Velocity control mode 





Cs contouring control : ON(1) 

mode command 
FS16i/30i : CON 
FS15i : SCNTRx 


Spindle rotation 
command 
(SFR/SRV) 





OFF(0) 











OFF(0) 












Sxxxxx(#0) 


v 


Spindle speed command *") 


Cs contouring control mode state 
FS16i/30i : FSCSL 


FS15i : MSCNTRx OFF (0) OFF(0) 


Spindle clamp 


Spindle clamped “**) 


Velocity integral control signal *” 
(INTGA) OFF(0) 


NOTE 

1 In Cs contouring control mode, reset the spindle speed 
command (specify SO) for safety. 

2 When the spindle is clamped to perform machining such as 
drilling after positioning based on Cs contouring control, the 
spindle may be clamped at a position slighted shifted from the 
specified position. In such a case, the velocity loop integral 
function attempts to move the spindle to the specified position, 
so that an excessively high current can flow through the motor. 
To prevent this, turn on (set to 1) the velocity integral control 
signal (INTGA) to disable the velocity loop integral function, or 
turn off the power to the motor with the servo-off signal. 

In Cs contouring control, do not perform spindle gear switching. 
Be sure to perform spindle gear switching, if needed, on the 
velocity control mode. 

4 For Cs contouring control, use either of the SFR and SRV 
signals. 

5 In the Cs contouring control mode, do not change the SFR 

SRV) signal. 
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(Example 2) When a spindle alarm is issued 


Cs contouring, 
control mode Velocity control mode 
pid 





Spindle rotation command 
SFR/SRV 

Cs contouring control 
mode command 
FS16i/30i : CON 
FS15i : SCNTRx 


Spindle alarm signal 
(ALMA) 






Spindle alarm reset signal 
(ARSTA) 


Remove cause ] 


of alarm 










Motor speed 


Decelerated 
and stopped 
Not operated even when Usable 
command is issued 





NOTE 

1 If aspindle alarm is issued, release the Cs 
contouring control mode. Resetting the alarm without 
releasing the mode and restarting operation may 
cause a miss positioning. 

2 With the following series and editions, the alarm 


reset signal is valid only in the velocity control mode 
(in other modes, inputting the alarm reset signal 
does not release the alarm): 

9D50 series P (16) edition or later 

9D70 series G (07) edition or later 

9D80 series A (01) edition or later 
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Related Parameters 





1005#0 


16i 
1005#0 


1005#0 


Description 


Whether to use the reference position return function 





1005#2 


Sets automatic reference position return (G28). (Set “O”.) 





1005#3 


Set workpiece coordinate system preset at automatic reference position 
return time. (Set “1”.) 





1600#2,#1 #0 


1006#2 


1006#2 


Sets a linear axis/rotation axis. (Set “1”.) 





1600#3 


Sets a radius for a move command/rotation axis. (Set “O”.) 





1804#7 


Sets a Cs contouring control axis with a serial spindle. (Set “1”.) 





2203#1 


Sets machine position display on the CRT. (Set “1”.) 





3700#1 


3700#1 


Specifies whether to enable the reference position return function for the first 
G00 command received after switching to Cs contouring control. 





3712#2 


3712#2 


Sets the Cs axis coordinate establishment function. 





1012 
#3,#2,#1,#0 


1004 
#1,#0 


1013 
#3,#2,#1 #0 


Increment system 
(Usually, set and use IS-B.) 





1020 


1020 


1020 


Program axis name 





1022 


1022 


Sets an axis of the basic coordinate system. (Set “O”.) 





1023 


1023 


1023 


Servo axis number (Set “-1”.) 





1028 


Spindle number of Cs contouring control axis 





1260 


1260 


Movement per rotation of rotation axis (Set “360.0”.) 





1420 


1420 


Rapid traverse rate 





1620 


1620 


Linear acceleration/deceleration time constant for rapid feed 





1820 


1820 


Command multiplication (Usually, set "2" [= CMR 1].) 





5879 


1826 


In-position width 





5880 


1828 


Position error limit during movement 





5881 


1829 


Position error limit when stopped 





5882 


Position error limit when the servo system is off 





5609#0 


Sets a position gain for a servo axis subject to interpolation with the Cs 
contouring control axis. 
("0": Automatically set, "1": Not automatically set. Usually, set "0".) 





3900 
3910 
3920 
3930 
3940 


3900 
3910 
3920 
3930 
3940 


Servo axis number subject to interpolation with the Cs contouring control 
axis 





3901 to 3904 
3911 to 3914 
3921 to 3924 
3931 to 3934 
3941 to 3944 


3901 to 3904 
3911 to 3914 
3921 to 3924 
3931 to 3934 
3941 to 3944 


Position gain of a servo axis subject to interpolation with the Cs contouring 
control axis 





5843 


Number of pulses of position detector for Cs contouring control 





3000#1 


4000#1 


4000#1 


Spindle rotation direction for a positive motion command on Cs contouring 
control mode 





3000#3 


4000#3 


4000#3 


Direction of reference position return when the system enters Cs contouring 
control mode 





3002#4 


4002#4 


4002#4 


Whether to use the rotation direction signal (SFR/SRV) function on Cs 
contouring control 





3005#0 


4005#0 


4005#0 


Sets the detection unit for Cs contouring control. 





3016#3 


4016#3 


4016#3 


Sets the smoothing function in feed-forward control. 





3016#4 


4016#4 


4016#4 


Sets control characteristics on Cs contouring control/servo mode. 





3021 





4021 





4021 





Maximum spindle speed on Cs contouring control mode 
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Parameter No. 



























































416i Description 

3036 4036 - Feed-forward coefficient 

3037 4037 4037 Velocity loop feed-forward coefficient 

3046 4046 4046 Velocity loop proportional gain on Cs contouring control mode 

3047 4047 4047 (A parameter is selected by the CTH1A input signal sent from the PMC.) 

3054 4054 4054 Velocity loop integral gain on Cs contouring control mode 

3055 4055 4055 (A parameter is selected by the CTH1A input signal sent from the PMC.) 
Spindle-to-motor gear ratio 

3056 to 3059 |4056 to 4059 |4056 to 4059 |(A parameter is selected by the CTH1A and CTHZ2A input signals sent from 
the PMC.) 
Position gain for axes subject to Cs contouring control 
cat ach sa Pechre (A eee is selected n the CTH1A oe sent from the PMC.) 

3074 4074 4074 Feedrate for reference position return on Cs contouring control mode or 
servo mode 

3086 4086 4086 Motor voltage on Cs contouring control mode 

3092 4092 4092 Rate of change in the position gain when reference position return is 
performed on Cs contouring control mode 

3094 4094 4094 Disturbance torque compensating constant (acceleration feedback gain) 

3097 4097 4097 Spindle speed feedback gain 

3099 4099 4099 Motor excitation delay 

3131 4131 4131 Velocity detection filter time constant (on Cs contouring control) 

3135 4135 4135 Grid shift on Cs contouring control mode 

3162 4162 4162 Velocity loop integral gain for cutting feed on Cs contouring control 

3163 4163 4163 (A parameter is selected by the PMC input signal CTH1A.) 

- - 4344 Advanced preview feed-forward coefficient 
- 4353#5 4353#5 _|Sets the Cs axis position data transfer function. 
3406 4406 4406 errors time constant for Cs control reference position 











NOTE 
For the detector-related parameters, see Section 
1.3, "PARAMETERS RELATED TO DETECTORS", 


1 


in Part |. 

For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part I. 
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2.4.7 Details of Related Parameters 


151 
3000 


167 30: 
4000 4000 


ROTA2 


RETRN 


This subsection details the serial spindle parameters (in the four 
thousands for 167, in the four thousands for 301, and in the three 
thousands for 157) among the parameters related to Cs contouring 
control. For details of other parameters, refer to the Connection 
Manual (Function) of each CNC. 
(a) For Series 167/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Section 9.9, “Cs CONTOUR CONTROL.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3071/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Section 11.9, “Cs CONTOUR CONTROL.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.7, “Cs CONTOUR CONTROL.” 
(d) For Series 07 

“FANUC Series 0i-MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 

Refer to Section 9.8, “Cs CONTOUR CONTROL.” 





#7 #6 #5 #4 #3 #2 #1 #0 
PT ere | oraz | 
Indicates the spindle direction by the move command (+). (Only 
effective on Cs contouring control) 

0: When the value of a move command from the CNC is positive 
(+), the spindle rotates in the CCW direction. 

1: When the value of a move command from the CNC is positive 
(+), the spindle rotates in the CW direction. 

Change the setting of this parameter when changing the rotation 
direction of the spindle on Cs contouring control. 





Indicates the reference position return direction on Cs contouring 

control. 

0: Returns the spindle from the CCW direction to the reference 
position (counter clockwise direction). 

1: Returns the spindle from the CW direction to the reference 
position (clockwise direction). 


- 119 - 


FANUC AC SPINDLE MOTOR ai series 


2.EXPLANATION OF OPERATION MODES _ FANUC BUILT-IN SPINDLE MOTOR Bil series _B-65280EN/06 


153 
3002 


151 
3005 


151 
3016 


16i = 30i 
4002 4002 
CSDRCT 
16i 30: 
4005 4005 
CS360M 
16i 30: 
4016 4016 
FFSMTH 


#7 


#6 #5 #4 #3 #2 #1 #0 
fie cole ote =e lesoRO Tae S55 a= alten 


Whether to use the rotation direction signal (SFR/SRV) on Cs 

contouring control 

0: Rotation direction function enabled 

(1) When bit 1 (ROTA2) of No. 4000 = 0, and the value of a 
move command from the CNC is positive (+) 

(a) The spindle rotates counterclockwise when input 
signal SFR(G70#5) is set to 1. 

(b) The spindle rotates clockwise when input signal 
SRV(G70#4) is set to 1. 

(2) When bit 1 (ROTA2) of No. 4000 = 1, and the value of a 
move command from the CNC is positive (+) 

(a) The spindle rotates clockwise when input signal 
SFR(G70#5) is set to 1. 

(b) The spindle rotates counterclockwise when input 
signal SRV(G70#4) is set to 1. 

Rotation direction function disabled 

The rotation direction function of the SFR/SRV signal is disabled. 

Only the function for enabling spindle motor excitation is 

available. 

(1) When bit 1 (ROTA2) of parameter No. 4000 is set to 0 
When the value of a move command from the CNC is 
positive (+), and SFR/SRV = 1, the spindle rotates in the 
CCW direction. 

(2) When bit 1 (ROTA2) of parameter No. 4000 is set to 1 
When the value of a move command from the CNC is 
positive (+), and SFR/SRV = 1, the spindle rotates in the 
CW direction. 


— 


#7 #6 #5 #4 #3 #2 #1 #0 
PE e600] 
Sets the detection unit for Cs contouring control. 

0: 0.001° 

1: 0.0001° 


Set 0 usually. When a aiCZ sensor is used as the position detector and 
the setting unit IS-C is used, set 1. 


#7 #6 #5 #4 #3 #2 #1 #0 
a a 


Specifies whether to use the smoothing function under feed-forward 
control. 

0: Don’t use the smoothing function. 

1: Uses the smoothing function. 

This bit specifies whether to use the smoothing function under 
feed-forward control on Cs contouring control mode. 
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IDLPTN 


157 167 301 
3021 4021 4021 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 30 
3036 4036 - 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3037 4037 4037 


Unit of data : 
Valid data range : 
Standard setting : 


Specifies the control characteristic on Cs contouring control mode or 
servo mode (rigid tapping mode). 

Normally, set this bit to 0. 

Set this bit to 1 when setting a value less than 100 as the motor 
voltage on Cs contouring control (No. 4086) or as the motor voltage 
on servo mode (No. 4085). 


Maximum speed on Cs contouring control mode 


Imin’ (10min’' when parameter No.4006#2 (SPDUNT) is set to 1) 

0 to 32767 

100 

This parameter specifies the maximum speed of a spindle operating on 
Cs contouring control mode. 

When 0 is specified as the parameter for the feedrate for reference 
position return on Cs contouring control mode (parameter No. 4074), 
reference position return is performed at the speed specified as the 
maximum speed in this parameter. 


Feed-forward coefficient 


1% 
0 to 100 


oO 


Set the feed-forward coefficient when feed-forward control is 
executed on Cs contouring control. 


Velocity loop feed-forward coefficient 


0 to 32767 
0 
Set a velocity loop feed-forward coefficient when feed-forward 
control is executed on Cs contouring control. Use the following 
expression to determine a value to be set: 
[spindle inertia + rotor inertia](kg-m7) 

Maximum motor torque (N-m) 





Setting = 214466 x 
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151 167 
3046 4046 
3047 4047 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3054 4054 4054 
3055 4055 4055 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 


3056 4056 4056 
3057 4057 4057 
3058 4058 4058 
3059 4059 4059 

Unit of data : 
Valid data range : 
Standard setting : 
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Velocity loop proportional gain on Cs contouring control (HIGH) CTH1A=0 





Velocity loop proportional gain on Cs contouring control (LOW) CTH1A=1 


0 to 32767 

30 

These parameters specify the proportional gains of the velocity loop 
on Cs contouring control mode. 

When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 


Velocity loop integral gain on Cs contouring control (HIGH) CTH1A=0 
1 





Velocity loop integral gain on Cs contouring control (LOW) CTH1A= 


0 to 32767 

50 

These parameters specify the integral gains of the velocity loop for Cs 
contouring control mode. 

When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 


Gear ratio (HIGH) 


Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A= 


CTH1A=0, CTH2A=0 


=1 
Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 


Gear ratio (LOW) CTH1A=1, CTH2A=1 





(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These parameters set the gear ratio of the spindle motor to the spindle. 
When the motor rotates 2.5 times for every rotation of the spindle, for 
example, set 250 in the parameter. 

A parameter is selected by the CTHIA and CTH2A input signals. 

The gear or clutch status must correspond to the status of the CTHIA 
and CTH2A input signals. 


NOTE 
When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 


the spindle does not stop but keeps rotating at the 
time of orientation. So, be sure to set a proper gear 
ratio. 
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157 167 30 





3069 4069 4069 Position gain on Cs contouring control (HIGH) CTH1A=0, CTH2A=0 
3070 4070 4070 Position gain on Cs contouring control (MEDIUM HIGH) CTH1A=0, CTH2A=1 


3071 4071 4071 Position gain on Cs contouring control (MEDIUM LOW) CTH1A=1, CTH2A=0 
3072 4072 4072 Position gain on Cs contouring control (LOW) CTH1A=1, CTH2A=1 


Unit of data: 0.01sec"! 
Valid data range: 0 to 32767 
Standard setting: 3000 
These parameters specify the position gains used on Cs contouring 
control mode. 
A parameter is selected by the input signals CTH1A and CTH2A. 





151 167 301 


Speed for return to reference position on Cs contouring control mode/servo 


3074 4074 4074 | Node 


Unit of data: = 1min™ 
Valid data range: 0 to 32767 
Standard setting: 0 

e When 0 is set 

The value set in No. 4021 (maximum spindle speed) is used as a 
reference position return speed on Cs contouring control. 
When a value other than 0 is set 
The value set in this parameter is used as a reference position 
return speed on Cs contouring control. 


NOTE 
An overshoot can occur at reference position return 
time for a cause such as an excessively high 


reference position return speed by setting the 
parameter No. 4021 (maximum spindle speed on Cs 
contouring control mode). In this case, set this 
parameter. 
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157 167 301 
3086 4086 4086 


Unit of data : 
Valid data range : 
Standard setting : 


151 167 301 


3092 4092 4092 


Unit of data : 
Valid data range : 
Standard setting : 


Motor voltage setting on Cs contouring control 


1% 

0 to 100 

100 

Set the motor voltage to "100", when Cs contouring control is in 
operation. 


NOTE 
When the maximum speed on Cs contouring control 
(in terms of motor shaft) is higher than the base 
speed of the spindle motor, set a value less than 
100 in this parameter according to the following 
expression: 


Motor voltage (%)=100x 


Spindle motor base speed 
Maximum speed in Cs contouring control 


(in terms of motor shaft) 
In this case, also set bit 4 of No. 4016 to 1 as the 
setting of control characteristics on Cs contouring 
control. 


The reduction rate of position loop gain in returning to the reference position 
on Cs contouring mode 





1% 

0 to 100 

100 

This parameter specifies a rate of change in the position gain used for 
reference position return on Cs contouring control mode. 


NOTE 
An overshoot can occur at reference position return 
time for a cause such as an excessively high 


reference position return speed and an excessively 
large spindle inertia. In this case, an overshoot can 
be avoided by setting a small value in this 
parameter. 
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151 167 301 


3094 4094 4094 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 30 
3097 4097 4097 


Unit of data : 
Valid data range : 
Standard setting : 


The constant of the torque disturbance compensating (Acceleration feedback 
gain) 


0 to 32767 

0 

This parameter specifies the constant for compensating for a 
disturbance torque on Cs contouring control mode. 


NOTE 
By setting this parameter, stability in cutting can be 


improved. 
In this parameter, set a value from 500 to 2000. 
Do not set a value exceeding 4000. 





Spindle speed feedback gain 


0 to 32767 

0 

This parameter is set to feed back spindle speed and compensate for 
torque disturbance on Cs contouring control in systems where spindles 
and spindle motors are linked by gears or belts. 


NOTE 
When a belt is used to connect the spindle with the 
motor, control stability may be improved by feeding 


back the spindle speed. 

In this parameter, set about the same value (10 to 
50) as specified in parameter No. 4046 (velocity loop 
proportional gain), or a smaller value. 
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157 167 301 
3099 4099 4099 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3131 4131 4131 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3135 4135 4135 


Unit of data : 


Valid data range : 


Standard setting value : 
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Delay time for motor excitation 


lms 

0 to 32767 

0 

This parameter specifies the time required to achieve stable motor 
excitation on rigid tapping mode or Cs contouring control mode. 


NOTE 
At the time of switching from the velocity control 
mode to Cs contouring control mode, the stop time 
excessive error alarm can be issued intermittently. 
This is because the excitation state of the spindle 


motor changes abruptly, and therefore a transient 
state occurs in the motor, thus moving the motor 
shaft slightly. 

In such a case, set this parameter. In general, set a 
value from about 300 to 400 (300 to 400 msec). 





Velocity detection filter time constant (on Cs contouring control) 


0.1ms 

0 to 10000 

0 

This parameter sets a filter time constant for the velocity feedback 
signal on Cs contouring control. Usually, set 0. 


Grid shift amount on Cs contouring control 


1 pulse unit (=0.001°) (0.0001° when bit 0 (CS360M) of parameter No. 
4005 is set to 1) 

-360000 to +360000 

(-3,600,000 to +3,600,000 when bit 0 (CS360M) of parameter No. 
4005 is set to 1) 

0 

Use this parameter to shift the machine reference position on Cs 
contouring control. 

The machine reference position of the spindle shifts by the set number 
of pulses in the CCW direction. 
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151 


3162 


3163 


167 301 
4162 4162 
4163 4163 


Unit of data : 


Valid data range : 
Standard setting value : 


157 


16i 303 
4344 


Unit of data : 


Valid data range : 
Standard setting value : 


151 


16i 30: 
4353 4353 
CSPTRE 





Velocity loop integral gain for cutting feed on Cs contouring control(HIGH) 
CTH1A=0 


Velocity loop integral gain for cutting feed on Cs contouring control(LOW) 
CTH1A=1 


0 to 32767 

0 

These parameters set a velocity loop integral gain for cutting feed 
(G01, G02, G03) on Cs contouring control. 

When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 


NOTE 
When 0 is set in these parameters, the values set in 


No. 4054 and No. 4055 (velocity loop integral gain 
on Cs contouring control) are valid. 





Advanced preview feed-forward coefficient 


0.01% 

0 to 10000 

0 

This parameter sets a feed-forward coefficient for exercising 
feed-forward control when Cs contouring control is used. 


#7 #6 #5 #4 #3 #2 #1 #0 

| | fesprre| | | 
Sets the Cs axis position data transfer function. 

0: Disables the Cs axis position data transfer function. 

1: Enables the Cs axis position data transfer function. 


Set this parameter to 1 when using the Cs axis coordinate 
establishment function. 


NOTE 
This parameter is valid with 9D50 series G (07) 


edition or later, 9070 series A (01) edition or later, 
and 9D80 series A (01) edition or later. 
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151 167 301 


Acceleration/deceleration time constant at return to the reference position in 
3406 4406 4406 Cs contouring control 


Unit of data: Imsec 
Valid data range: 0 to 32767 
Standard setting: 0 
This parameter sets the acceleration to be used for returning to the 
reference position in Cs contouring control. Use of this parameter can 
reduce the shock due to acceleration/deceleration during return to the 
reference position. The spindle speed command during return to the 


reference position is then given as follows: 
One-rotation signal detected 










Reference 
position return 

spee 
(min’) 


Settingin  ; : Setting in 
parameter parameter 
No. 4406 No. 4406 
(msec) (msec) 
Start of reference position return End of reference position return 


NOTE 
1 When Ois set in this parameter, a velocity command 
is assumed as follows. 
e Before detecting the one-rotation signal: 
Reference position return speed (step-type 


velocity command) 
e After detecting the one-rotation signal: 
Distance to the reference position x Position gain 
2 This parameter is enabled when soft start/stop signal 
SOCNA is 1. 
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2.4.8 Diagnosis (Diagnosis Screen) 


Address _ 
Description 
16i j 


0418 Position error value of the first spindle 
- Position error value of the spindle 




















This subsection provides a list of the alarms related to Cs contouring 
control only. For details of alarms, refer to the Connection Manual 
(Function) of each CNC. 
(a) For Series 161/181/211 

“FANUC Series 167/187/2117-MODEL B 


CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.9, “Cs CONTOUR CONTROL.” 

(b) For Series 3037/3 11/321 
“FANUC Series 30i/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.9, “Cs CONTOUR CONTROL.” 

(c) For Series 151 
“FANUC Series 151-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.7, “Cs CONTOUR CONTROL.” 

(d) For Series 07 
“FANUC Series 0i7-MODEL C 








CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.8, “Cs CONTOUR CONTROL.” 


(1) Series 16: 


Alarm No. Description 

Cs contouring control is specified in serial spindle synchronous control mode. 

A move command was issued from a program when the input signal CON (bit 7 of G027) is off. 
An alarm was issued on the serial spindle amplifier side. 

Switching to Cs contouring control mode is not terminated normally. 

















(2) Series 30: 


Alarm No. Description 
PS0194 Cs contouring control is specified in serial spindle synchronous control mode. 
PS0197 A move command was issued from a program when the input signal CON (bit 7 of G027) is off. 
SP0752 Switching to Cs contouring control mode is not terminated normally. 














(3) Series 15: 


Alarm No. Description 


A move command for Cs contouring control was issued for an axis not placed on Cs contouring 


pees control mode. 











PS0572 A Cs contouring control axis command was issued for an axis in motion. 
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2.5 SPINDLE SYNCHRONOUS CONTROL 





2.5.1 Start-up Procedure 


A. Check that operation in velocity control mode is ready. 


B. Prepare and check the ladder programs for the spindle synchronous 
control function. 


C. Set the parameters related to spindle synchronous control. 


D. Connect a position coder and check the feedback signal. 


E. Check the spindle synchronous speed. 


F. Check the direction of spindle rotation when spindle synchronous control 
is applied. 

- Direction of spindle motor rotation when spindle synchronous control is 
applied. 


G. Check that errors such as overshoot or hunting do not occur before the 
spindle achieves the maximum speed for synchronization. 
- Position gain for spindle synchronous control 
- Acceleration/deceleration time constant used for spindle synchronous 
control control 


H. Check that the error pulse difference between the spindles is within +5 
pulses. 

Position gain for spindle synchronous control 
Spindle-to-motor gear ratio data 
Velocity loop proportional gain for spindle synchronous control 
Velocity loop integral gain for spindle synchronous control 
Incomplete integration coefficient 
Bell-shaped acceleration/deceleration time constant for spindle 
synchronous control 
Motor voltage for spindle synchronous control 


I. Check the operation of spindle phase synchronization control. 
- Shift amount for spindle phase synchronization 
- Compensation data for spindle phase synchronization 


J. End the checking of spindle synchronous control operation. 
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2.5.2 Overview 


When, on a machine (such as a lathe) that has two facing spindles, 
workpiece seizure is to be switched from the first spindle to the 
second spindle during spindle rotation, or acceleration/deceleration is 
performed while the first spindle and second spindle hold a workpiece, 
the two spindles must rotate at the same speed. 

When the seizure of a uniquely shaped workpiece is to be switched 
from one spindle to the other, the two spindles must have the same 
spindle rotation phase (angular displacement). 

The spindle synchronous control function exercises synchronous 
control between two spindles in these cases. 


/A\ CAUTION 
1 To use this function, the CNC software option is 


required. 
2 This function cannot be used with FANUC Series 
15i. 
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2.5.3 | System Configuration 


The system configurations that enable the use of the spindle 
synchronous control function are shown below. 


NOTE 

1 Spindle synchronous control between spindles each 
having a different detector configuration is possible. 

2 Spindle synchronous control between different path 
is possible. For details, see below: 
Section 9.12, "SPINDLE SYNCHRONOUS 
CONTROL", in FANUC Series 167/187/21i -MODEL 


B CONNECTION MANUAL (FUNCTION) 
(B-63523EN-1) 

Section 11.13, "SPINDLE SYNCHRONOUS 
CONTROL", in FANUC Series 30i/31i/32i MODEL 
A CONNECTION MANUAL (FUNCTION) 
(B-63943EN-1) 





(1) When the ai position coder is used 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 


















Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


2nd spindle 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 








ai position coder 





Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 
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(2) When the o position coder S is used 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 












Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


2nd spindle 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 





Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 
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(3) When the built-in motor is used 


aiBZ sensor o 


aiCZ sensor 
















Spindle + 
Built-in motor 





aiBZ sensor or 2nd spindle 


aiCZ sensor 


Spindle + 
Built-in motor 
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(4) When the spindle motor with built-in aiMZ sensor is used 


Spindle motor with built-in aiMZ sensor 








Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 











2nd spindle 


Spindle motor with built-in aiMZ sensor 


Spindle 











Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 
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(5) When the separate type aiBZ sensor or separate type aiCZ sensor is used 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 














aiBZ sensor or aiCZ sensor 





2nd spindle 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 





aiBZ sensor or aiCZ sensor 
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(6) When the external one-rotation signal (proximity switch) is used 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 

















External one-rotation 
signal switch (proximity 
switch) 
Gear or timing belt 


2nd spindle 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 









External one-rotation 
signal switch (proximity 
switch) 






Gear or timing belt 


When using the external one-rotation signal 
(proximity switch), use the detection arbitrary gear 
ratio function (DMR function). 

When using the detection arbitrary gear ratio 
function (DMR function), set the following: 

- Parameters (No. 4171 to No. 4174) for the 
numerator/denominator of an arbitrary gear ratio 
between the motor sensor and spindle 

Set the type of the external one-rotation signal 
(proximity switch) (bits 3 and 2 of No. 4004). 

For stable detection of the one-rotation signal, detect 
the one-rotation signal by performing spindle 
orientation before entering spindle synchronous 
control mode. 

For orientation based on the external one-rotation 
signal, see Section 2.2, "POSITION CODER 
METHOD ORIENTATION", in Part I. 
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2.5.4 Explanation of Operation 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


If spindle synchronous control is commanded when the two 
spindles are rotating at different speeds (including stop state), the 
two spindles are accelerated or decelerated to the commanded 
speed then enter synchronous control state. 

If the synchronous speed command is changed after synchronous 
control state is entered, the spindles are accelerated or 
decelerated to the new commanded speed with the parameter-set 
acceleration while synchronous control state is held. If the 
synchronous speed command is 0 min", the spindles stops in 
synchronism. 

If spindle synchronous control at a synchronous speed of 0 min” 
is commanded when the spindles are in stop state, each spindle 
automatically makes two to three turns to detect the position 
coder one-rotation signal (as a preparation for spindle phase 
synchronous control), then enters synchronous control state. 
Next, when the synchronous speed command is changed, the 
spindles are accelerated with the parameter-set acceleration while 
synchronous control state is held, until the speed command is 
changed. 

When the seizure of a uniquely shaped workpiece needs to be 
switched between the two spindles, the rotation phase (angular 
displacement) of one spindle must match that of the other. 

If a spindle phase synchronous control command is entered when 
the two spindles are rotating in synchronous control state, each 
spindle is controlled to have the parameter-set rotation phase (a 
momentary speed change occurs at this time), then enters 
synchronous control state again. 

A rotation phase match can be secured by matching the reference 
positions of the two spindles by parameter setting beforehand. 

If the two spindles enter synchronous control state at a specified 
synchronous speed of 0 min’', and a phase synchronous control 
command is then entered, each spindle rotates and stops to 
achieve a parameter-set phase. This operation is performed as if 
spindle positioning (spindle orientation) is performed while the 
spindles are stopped. As a result, the reference position of one 
spindle matches that of the other (phase synchronization). 

If the synchronous speed command is changed after the two 
spindles seize a uniquely shaped workpiece, the two spindles are 
accelerated to the new specified speed with the parameter-set 
acceleration while synchronous control state is held. 

Even in the state where the two spindles are seizing a workpiece 
in synchronous control state, constant surface speed control can 
be exercised. 

However, even if a speed change greater than the parameter-set 
acceleration is commanded, the speed changes within the 
parameter-set acceleration. 


(vii) Do not change the rotation direction command (SFRA, SRVA) 


during synchronous control. 
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NOTE 
For details, see below: 
Section 9.12, "SPINDLE SYNCHRONOUS CONTROL", 
in FANUC Series 167/187/21i -MODEL B CONNECTION 
MANUAL (FUNCTION) (B-63523EN-1). 
Section 11.13, "SPINDLE SYNCHRONOUS 


CONTROL", in FANUC Series 307/31i/32i -MODEL A 
CONNECTION MANUAL (FUNCTION) (B-63943EN-1) 
Section 9.11, "SPINDLE SYNCHRONOUS CONTROL", 
in FANUC Series 07 -MODEL C CONNECTION 
MANUAL (FUNCTION) (B-64113EN-1). 





2.5.5 I/O Signals (CNC <> PMC) 


(1) Address list of input signals (PMC — CNC) 


161 301 


Common toallaxes G08 6038 aS a eS os 
Common toallaxes 032 032 | _rosi_| rov_| Rosi] Rosi | Roa | Rosi _| roa | ron_| 
Commontoaiaxes Goss oss | | | sso} | ta | rim | rior | root | 


|| sera | srva [ormtal crual | 
| | sere | save [crue [cris] | 


1st cori ort | | rca | | | 
2nd: cos ors |_| Tron] | | | 


(2) Details of input signals (CNC — PMC) 
(a) Spindle synchronous control signal SPSYC 
[Function] Specifies switching to spindle synchronous control mode. 
[Operation] When this signal is set to 1, spindle synchronous control mode is set. 
When this signal is set to 0, spindle synchronous control mode is 
cancelled. 









1st- G070 G070 
2nd- G074 G074 








(b) Spindle phase synchronous control signal SPPHS 
[Function] Specifies spindle phase synchronous control mode (phase matching). 
(i) This function is valid when the spindle synchronous control 
signal SPSYC is 1. 
(ii) After the spindle synchronous speed control completion signal 
FSPSY is set to 1, specify this signal. 
(iii) A spindle phase synchronous control operation is performed on 
the rising edge of this signal. So, the phase once matched is not 
shifted by setting this signal to 0. 
However, a phase matching operation is performed when this 
signal is changed from 0 to | again. 
[Operation] When this signal makes a transition from 0 to 1, spindle phase 
synchronous control is exercised. 


- 139 - 


FANUC AC SPINDLE MOTOR ai series 
2.EXPLANATION OF OPERATION MODES _ FANUC BUILT-IN SPINDLE MOTOR Bil series _B-65280EN/06 


(c) Velocity integral control signal INTGA 
[Function] Enables or disables velocity integral control. 
[Operation] | When this signal is set to | 
= The velocity loop integral function is disabled. This has the same 
effect as the setting of a velocity loop integral gain of 0. 
When this signal is set to 0 
= The velocity loop integral function is enabled. 


NOTE 

1 When the two spindles seize the same workpiece, a 
spindle may be fixed at a position slightly displaced 
from the specified position because the two spindles 
are mechanically connected. 
In this case, an excessively high current can flow 
because the velocity loop integral function attempts 
to return the spindle to the specified position. 
To prevent this, turn on (set to 1) the velocity integral 
control signal INTGA to disable the velocity loop 
integral function if the two spindles are mechanically 
connected. 
When the velocity integral control signal INTGA is 
turned on (set to 1), the velocity loop integral 
function is disabled. So, an increased synchronous 
error can occur. When the two spindles do not seize 
the same workpiece, turn off (set to 0) the velocity 
integral control signal INTGA to enable the velocity 
loop integral function. 





- 140 - 


FANUC AC SPINDLE MOTOR «ai series 
B-65280EN/06__- FANUC BUILT-IN SPINDLE MOTOR Bil seri 2.EXPLANATION OF OPERATION MODES 


(3) Address list of output signals (CNC — PMC) 


161 301 #7 


#6 #5 #4 #3 #2 #1 #0 
Commontoaliaxes Fos ross | | | | svcalesppnfesesy] | 


t3t roas ross {| | | CT sara | | | 
2nd: rosa ros | | | TS som | | | 


(4) Details of output signals (CNC — PMC) 


(a) Spindle synchronous speed control completion signal FSPSY 
[Function] Posts that spindle synchronous control (speed synchronization) is 
completed. 
[Output condition] This signal is set to 1 when the following condition is satisfied: 

(i) This signal is output when the two spindles have reached the 
speed corresponding to a specified spindle synchronous speed 
and the speed difference between the two spindles is equal to or 
less than the value set in parameter No. 4033 on spindle 
synchronous control mode. 

This signal is set to 0 when any of the following conditions is 

satisfied: 

(i) The two spindles have not reached the speed corresponding to a 
specified spindle synchronous speed on spindle synchronous 
control mode. 

(ii) The speed difference between the two spindles is greater than the 
value set in parameter No. 4033 on spindle synchronous control 
mode. 

(iii) Spindle synchronous control mode is not set. 





NOTE 
Even if this signal is set to 1 once, this signal is set 


to O when the speed difference becomes equal to or 
greater than the value set in parameter No. 4033 for 
a cause such as cutting load variation. 
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(b) Spindle phase synchronous control completion signal FSPPH 
[Function] Posts that spindle phase synchronous control (phase matching) is 
completed. 
[Output condition] This signal is set to 1 when the following condition is satisfied: 

(i) This signal is output when phase matching is completed with the 
spindle phase synchronous control signal (the error pulse 
difference between the two spindles is equal to or less than the 
value set in parameter No. 4810) after the two spindles have 
reached the speed corresponding to a specified spindle 
synchronous speed on spindle synchronous control mode. 

This signal is set to 0 when any of the following conditions is 

satisfied: 

(i) Phase matching between the two spindles is not completed on 
spindle synchronous control mode. The error pulse difference 
between the two spindles is greater than the value set in 
parameter No. 4810 on spindle synchronous control mode. 

(11) Spindle phase synchronous control mode is not set. 


NOTE 
Even if this signal is set to 1 once, this signal is set 


to O when the speed difference becomes equal to or 
greater than the value set in parameter No. 4033 for 
a cause such as cutting load variation. 





(c) Phase error monitoring signal SYCAL 
[Function] Posts that the error pulse difference between the two spindles is 
greater than the parameter-set value on spindle synchronous control 
mode. 
[Output condition] This signal is set to 1 when the following condition is satisfied: 

(i) The error pulse difference between the two spindles after spindle 
synchronous control is completed is greater than the value set in 
parameter No. 4811 on spindle synchronous control mode. 

This signal is set to 0 when any of the following conditions is 

satisfied: 

(i) The error pulse difference between the two spindles is equal to or 
less than the value set in parameter No. 4811 on spindle 
synchronous control mode. 

(11) Spindle phase synchronous control mode is not set. 


NOTE 
Use this signal to take an action if an error such as 


an excessive synchronous error occurs for a cause 
on spindle synchronous control mode. 
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2.5.6 Examples of Sequences 


(1) While spindle 1 is rotating, spindle 2 is accelerated for synchronization with 
spindle 1, and phase matching is performed. Then, the synchronous speed is 
also changed for acceleration/deceleration synchronization. 









Speed 
Spindle 1 
Phase matching 
Synchronous Acceleration/deceleration synchronization 
speed A 
SYNCHRONOUS! ST RT ah eS a a 
speed B 


Spindle 2 





First spindle forward 
rotation command 


' 
SERA Wote2) i ete abe tae cel tey Vee, eects hte te ede, 0 
i} 
Second spindle forward 1 
rotation command | 
SFRB (Note:2) 00 i Fo few eek aaa, 
i) 
1 


Spindle synchronous 
control signal 
SPSYC 


Spindle synchronous 
speed command signal 
R12I-RO1 


Spindle phase synchronous 
control signal 
SPPHS 












Speed B 








Spindle synchronous speed 
control completion signal 
FSPSY 


Spindle synchronous speed 
control completion signal 
FSPPH 


(Note 1) 








(i) The spindle synchronous speed command signal is input to set the 
spindle synchronous control signal SPSYC to 1. 

(11) The spindle synchronous speed control completion signal FSPSY 
set to 1 is awaited. 

(111) The spindle phase synchronous control signal SPPHS is set to 1. 

(iv) The spindle phase synchronous control completion signal FSPPH 
set to 1 is awaited. 


NOTE 
1 When the spindle phase synchronous control signal is input, the spindle synchronous 
speed control completion signal is once set to 0, then is set to 1 again upon 


completion of phase synchronization. 
2 Set the spindle forward rotation command SFR (or the spindle reverse rotation 
command SRV) to 1 at all times during spindle synchronous control. 
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(2) Spindle 1 and spindle 2 perform phase matching in stop state, then are 
accelerated in synchronism. 
Next, spindle 1 and spindle 2 are decelerated to a stop in synchronism. 


Speed 


Synchronous 
speed 





First spindle forward 
rotation command 
SFRA 


Second spindle forward 
rotation command 
SFRB 


Spindle synchronous 
control signal 
SPSYC 


Spindle synchronous 
speed command signal 
R12I-R01I 


Spindle phase 
synchronous control signal 
SPPHS 


Spindle synchronous speed 
control completion signal 
FSPSY 


(Note) 


Phase matching 


Spindle 1, 2 






Acceleration/deceleration 
synchronization 


Ke 





Time 


(viii) 








Spindle synchronous speed 
control completion signal 
FSPPH 


First spindle speed 
zero detection signal 
SSTA 


Second spindle speed 
zero detection signal 
SSTB 


=a 
ee Se eee Sar CE eh eee 


! (vii) | 





(i) The spindle synchronous speed command signal is set to 0, and 
the spindle synchronous control signal SPSYC is set to 1. 

(11) The spindle synchronous speed control completion signal FSPSY 
set to | is awaited. 

(iii) The spindle phase synchronous control signal SPPHS is set to 1. 

(iv) The spindle phase synchronous control completion signal FSPPH 
set to | is awaited. 

(v) The spindle synchronous speed command signal is input. 

(vi) The spindle synchronous speed command signal is set to 0. 

(vii) The speed zero detection signal of both spindles set to 1 is 
awaited. 

(viii)The spindle phase synchronous control signal SPPHS is set to 0 
and the spindle synchronous control signal SPSYC is set to 0, 
then the forward rotation command SFR of both spindles is set to 
0. 
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NOTE 
If the mode is switched to the spindle synchronous 
control mode when a one-rotation signal is 
undetected, a one-rotation signal detection operation 
is automatically performed. So, the spindle 
automatically makes 2 to 3 turns even if such turns 


are not attempted. If both spindles are mechanically 
connected with each other and one-rotation signal 
detection operation is disabled, or spindle phase 
synchronous control is not exercised, automatic 
detection can be disabled by setting bit 3 of 
parameter No. 4006. 
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(3) When the velocity integral control signal is used 


Speed 


Phase matching 


Synchronous 
speed 





Spindle synchronous 
control signal 
SPSYC 


Spindle synchronous 
speed command signal 
R12I-RO11 








Spindle synchronous speed 
control completion signal 
FSPSY 








Chuck close command signal 


Chuck close completion signal 


Velocity integral control signal 
INTGA 


(Note) : : (Note) 


Spindle phase 


synchronous control signal | 
SPPHS : 


Spindle synchronous speed 


control completion signal | 
FSPPH ee 


NOTE 
Turn on (set to 1) the velocity integral control signal 
INTGA only when the two spindles are seizing the 


same workpiece. If the signal is turned on (set to 1) 
in other cases, the velocity loop integral function is 
disabled. So, an increased synchronous error can 
result. 
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(4) When phase synchronous control is performed without automatically detecting 
the one-rotation signal (Parameter No. 4006#3=1) 


Acceleration/deceleration 
synchronization 






Phase matching 


~~ 


Spindle speed 






Omin" 


(i) 


First spindle forward 
rotation command 
SFRA 





Second spindle forward ml 
rotation command 
SFRB 





Spindle synchronous speed 
command signal 
R12I-RO1I Omin" | 


Spindle synchronous command 


SPSYC 
Spindle phase synchronous command (i) | 
SPPHS 
rusuesenienane = = 
FSPSY 


Spindle phase synchronous 
completion signal 
FSPPH 


Position coder one-rotation signal 

detection status signal for spindle 1 

PC1DTA “ 
(ii) 

Position coder one-rotation signal 

detection status signal for spindle 2 

PC1DTB 


*1 When a spindle synchronous command is input, the one-rotation 
signal detection operation is not performed, and the spindle is 
stopped. 

*2 During rotation at a speed of several ten min” or higher, the 
one-rotation signal is detected automatically, and the position 
coder one-rotation signal detection status signal is set to 1. 

*3 Before inputting the phase synchronous command, check that the 
position coder one-rotation signal detection status signals of both 
spindles have been set to 1. 
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2.5.7 


Related Parameters 


Parameter No. 





16 
4800#0 


30: 


Description 


Direction of rotation of the 1st spindle motor while synchronous control is applied 





4800#1 


Direction of rotation of the 2nd spindle motor while synchronous control is applied 





4801#0 


Direction of rotation of each spindle motor while synchronous control is applied 





4810 


4810 


Error pulse difference between the two spindles for which to output the spindle phase 
synchronous control completion signal 





4811 


4811 


Error pulse difference between the two spindles for which to output the phase 
synchronous error monitor signal (SYCAL) 





4002#6 


4002#6 


Whether to enable the rotation direction signal (SFR/SRV) function on spindle 
synchronous control 





4006#1 


4006#1 


Gear ratio increment system 





4006#3 


4006#3 


Setting for disabling automatic one-rotation signal detection at spindle synchronous 
control mode switching time 





4032 


4032 


Acceleration used for spindle synchronous control 
(The same value must be set for both the 1st and 2nd spindles.) 





4033 


4033 


Spindle synchronous speed arrival level 





4034 


4034 


Shift amount for spindle phase synchronous control 





4035 


4035 


Compensation data for spindle phase synchronous control 





4044 
4045 


4044 
4045 


Velocity loop proportional gain for spindle synchronous control 
(A parameter is selected by the CTH1A PMC input signal.) 





4052 
4053 


4052 
4053 


Velocity loop integral gain for spindle synchronous control 
(A parameter is selected by the CTH1A PMC input signal.) 





4056 to 4059 


4056 to 4059 


Spindle-to-motor gear ratio data 
(A parameter is selected by the CTH1A and CTH2A PMC input signals.) 





4065 to 4068 


4065 to 4068 


Position gain for spindle synchronous control 
(The same value must be specified for both the 1st and 2nd spindles.) 
(A parameter is selected by the CTH1A and CTH2A PMC input signals.) 





4085 


4085 


Motor voltage for spindle synchronous control 





4171 
4173 


4171 
4173 


Denominator of arbitrary gear ratio between motor sensor and spindle 
(This data is selected by spindle control input signals CTH1A.) 





4172 
4174 


4172 
4174 


Numerator of arbitrary gear ratio between motor sensor and spindle 
(This data is selected by spindle control input signals CTH1A.) 





4336 


4336 


Magnetic flux switching point used for calculating an acceleration/deceleration time 
constant used for spindle synchronous control 
(The same value must be specified for both the 1st and 2nd spindles.) 





4340 


4340 


Bell-shaped acceleration/deceleration time constant for spindle synchronous control 
(The same value must be specified for both the first and second spindles. ) 





4346 


4346 


Incomplete integration coefficient 





4515 


4515 


Excessive speed deviation alarm detection level on spindle synchronous control 





4516 





4516 





Excessive positional deviation alarm detection level on spindle synchronous control 


NOTE 

1 For the detector-related parameters, see Section 
1.3, "PARAMETERS RELATED TO DETECTORS", 
in Part |. 
For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part I. 
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2.5.8 Details of Related Parameters 


161 30 
4002 4002 


SYCDRT 


16i 30: 
4006 4006 


GRUNIT 


This subsection details the serial spindle parameters (in the four 
thousands for 167 and 307) among the parameters related to spindle 
synchronous control. For details of other parameters, refer to the 
Connection Manual (Function) of each CNC. 
(a) For Series 167/181/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.12, “SPINDLE SYNCHRONOUS 
CONTROL.” 
(b) For Series 3037/3 11/321 
“FANUC Series 3071/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.13, “SPINDLE SYNCHRONOUS 
CONTROL.” 
(c) For Series 07 
“FANUC Series 0i-MODEL C 
CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.11, “SPINDLE SYNCHRONOUS 
CONTROL.” 





#7 


#6 #5 #4 #3 #2 #1 #0 
oe ee ee ee ee ee ee 


Whether to enable the rotation direction signal (SFR/SRV) function 
on spindle synchronous control 
0: Enables the rotation direction function. 
If a move command from the CNC 1s positive (+), 
(a) The spindle rotates in the CCW (counterclockwise) 
direction when the input signal SFR (bit 5 of G70) = 1. 
(b) The spindle rotates in the CW (clockwise) direction when 
the input signal SRV (bit 4 of G70) = 1. 
1: Disables the rotation direction function. 
If a move command from the CNC is positive (+), the spindle 
rotates in the CCW (counterclockwise) direction when the input 
signal SFR = 1 or SRV = 1. 


#7 


#6 #5 #4 #3 #2 #1 #0 
| | svc} run] 


Sets a gear ratio setting resolution: 

0: 1/100 unit 

1: 1/1000 unit 

Select a gear ratio data setting resolution from the following: 

(a) Resolution based on motor speed increased by a factor of 100 
relative to one spindle rotation 

(b) Resolution based on motor speed increased by a factor of 1000 
relative to one spindle rotation 

Depending on the setting of this parameter, the increment system of 

the parameters indicated in the table below changes. 
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SYCREF 


| Parameter No. D 





escription 
16i 30i 
4056 to 4059 4056 to 4059 =| Spindle-to-motor gear ratio data 


NOTE 

1 Usually, use the 1/100 unit (setting "0"). 

2 When the 1/100 unit is set as the gear ratio setting 
resolution (with the bit set to 0), a steady-state 


synchronous error may be indicated due to the 
fraction of the gear ratio. 

In such a case, the synchronous error can be 
improved when the 1/1000 unit is set as the gear 
ratio setting resolution (with the bit set to 1). 





Setting for function performing automatic detection of the 

one-rotation signal on spindle synchronous control 

0: Automatic detection of the one-rotation signal carried out 

1: Automatic detection of the one-rotation signal not carried out. 
(When spindle phase synchronous control is not carried out) 

When the mode is switched to spindle synchronous control mode after 

power-on, the two spindles automatically perform a one-rotation 

signal detection operation. So, the spindles automatically make two to 

three turns even if such turns are not intended. 

This operation is required because the one-rotation signal must be 

detected to enable spindle phase synchronous control. 

If the two spindles are mechanically connected to disable each spindle 

from performing a one-rotation signal detection operation, or if 

spindle phase synchronous control is not exercised, the operation 

above can be disabled by setting this bit to 1. 

When this parameter is set to "1", check that the one-rotation signal 

has been detected for both spindles (output signal PCIDTA = 1) 

before applying the spindle phase synchronous control signal 

(SPPHS). 

If the one-rotation signal is not detected, specify a speed of several ten 

min’! or higher in spindle synchronous control mode, and wait until 

the one-rotation signal is detected. (See sequence example (4).) 
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161 
4032 


Unit of data : 
Valid data range : 
Standard setting : 


161 301 
4033 4033 
Unit of data : 
Valid data range : 
Standard setting : 
161 301 
4034 4034 


Unit of data : 
Valid data range : 
Standard setting : 


Acceleration at spindle synchronous control 


Imin’'/sec (when parameter No. 4006#2 (SPDUNT) = 1, 10 min") 

0 to 32767 

0 

This parameter sets an acceleration value for linear 
acceleration/deceleration when the synchronous speed command for 
spindle synchronous control is changed. 


NOTE 
1 Set exactly the same data for 1st spindle and 2nd 
spindle. When different data is set, synchronization 


between the two spindles is not guaranteed. 
When this parameter is set to 0, motor doesn’t 
accelerate/decelerate, so, be sure to set proper 
value in this parameter. 





Spindle synchronous speed arrival level 


Imin’' (when parameter No. 4006#2 (SPDUNT) = 1, 10 min’) 

0 to 32767 

10 

For the synchronous speed command at spindle synchronous control, 
if the error of the respective spindle motor speeds are within the 
setting level, the spindle synchronous control complete signal 
(FSPSY) becomes "1". 


Shift amount at spindle phase synchronous control 


1 pulse unit (360 degrees/4096) 

0 to 4095 

0 

Sets the shift amount from the reference position (one-rotation signal) 
at spindle phase synchronous control. 
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161 301 
4035 4035 


Unit of data : 
Valid data range : 
Standard setting : 


161 301 


4044 4044 


4045 4045 


Unit of data : 
Valid data range : 
Standard setting : 


167 30 
4052 4052 
4053 4053 


Unit of data : 
Valid data range : 
Standard setting : 


Spindle phase synchronous compensation data 


1 pulse/2msec 

0 to 4095 

10 

This parameter reduces speed fluctuations when aligning phase of 
spindles in spindle phase synchronous control. 

When this parameter is "0", since the phase alignment amount is only 
issued once, the position error quickly becomes large, and there are 
large speed changes on phase alignment. 

It is possible to perform smooth phase alignments through issuing 
separate commands for phase alignment amounts for the number of 2 
msec pulses set in this parameter. 


Velocity loop proportional gain on spindle synchronous control (HIGH) 
CTH1A=0 





Velocity loop proportional gain on spindle synchronous control (LOW) 
CTH1A=1 


0 to 32767 

10 

This sets velocity loop proportional gain on spindle synchronous 
control. 

It is selected HIGH when CTH1A=0 of input signal, and It is selected 
LOW when CTH1A=! of input signal. 


Velocity loop integral gain on spindle synchronous control (HIGH) CTH1A=0 





Velocity loop integral gain on spindle synchronous control (LOW) CTH1A=1 


0 to 32767 

10 

This sets velocity loop integral gain on spindle synchronous control. It 
is selected HIGH when CTH1A=0 of input signal, and It is selected 
LOW when CTH1A=! of input signal. 
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161 30 
4056 4056 
4057 4057 
4058 4058 
4059 4059 
Unit of data : 
Valid data range : 
Standard setting : 
161 30: 
4065 4065 
4066 4066 
4067 4067 
4068 4068 
Unit of data : 
Valid data range : 


Standard setting : 


161 
4085 


Unit of data : 
Valid data range : 
Standard setting : 


30 
4085 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 
Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
Gear ratio (LOW) CTH1A=1, CTH2A=1 


(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These parameters set the gear ratio of the spindle motor to the spindle. 
When the motor rotates 2.5 times for each turn of the spindle, for 
example, set 250 in the parameter. 

A parameter is selected by the CTHIA and CTH2A input signals. 

The gear or clutch status must correspond to the status of the CTHIA 
and CTH2A input signals. 


NOTE 
When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 
the spindle does not stop but keeps rotating at the 
time of orientation. So, be sure to set a proper gear 
ratio. 


Position gain on synchronous control (HIGH) CTH1A=0, CTH2A=0 


Position gain on synchronous control (MEDIUM HIGH) CTH1A=0, CTH2A=1 
Position gain on synchronous control (MEDIUM LOW) CTH1A=1, CTH2A=0 
i = =1 


0.01sec™ 

0 to 32767 

1000 

This sets position gain in spindle synchronous control. It is selected by 
CTHI1A or CTH2A of input signal. 





Motor voltage setting on spindle synchronous control 


1% 

0 to 100 

Depend on motor model. 

Set a motor voltage for spindle synchronous control. 


NOTE 
Usually, set the same value as for the setting of a 


motor voltage (No. 4083) on the velocity control 
mode. 
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161 307 
4171 4171 
4172 4172 
4173 4173 
4174 4174 
Unit of data : 
Valid data range : 
Standard setting : 


CTH1A=0 
CTH1A=0 


CTH1A=1 
CTH1A=1 


0 to 32767 
0 
These parameters set conversion coefficients (numerator, 
denominator) for using the detection arbitrary gear ratio function 
(DMR function) by multiplying a motor sensor (aiM or aiMZ sensor) 
feedback signal by a gear ratio to produce a spindle position feedback 
signal. 
When the spindle rotates Q times while the motor shaft rotates P times 
(there is no common divisor other than | for P and Q), settings are: 
No. 4171 (No. 4173 when CTH1A = 1) =P 
No. 4172 (No. 4174 when CTH1A = 1)=Q 
When 0 is set in any of these parameters, the setting of 1 is assumed. 





NOTE 
When using the external one-rotation signal 


(proximity switch), set the detection arbitrary gear 
ratio (DMR) between the motor sensor and spindle 
by using this parameter. 
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167 30: 


4336 4336 Acceleration switch point on spindle synchronous control 


Unit of data 1min’' (when parameter No. 4006#2 (SPDUNT) = 1, 10 min’) 
Valid data range: 0 to 32767 
Standard setting: 0 
The acceleration for spindle synchronous control changes according to 
the speed set in this parameter as follows: 
e Area where the spindle speed does not exceed the speed set in 
this parameter 
The acceleration for spindle synchronous control is constant (as 
set in parameter No. 4032). 
e Area where the spindle speed exceeds the speed set in this 
parameter 
The acceleration for spindle synchronous control decreases in 
inverse proportion to the speed. 


NOTE 
1 Set the same data for the first spindle and second 
spindle. If different data is set, synchronization 


between the two spindles is not guaranteed. 

When this parameter is set to 0, linear 
acceleration/deceleration (constant acceleration) is 
performed. 





167 30: 


Bell-shaped acceleration/deceleration time constant for spindle synchronous 
4340 4340 control 


Unit of data: Imsec 

Valid data range: Oto 512 

Standard setting: 0 
This parameter sets a bell-shaped acceleration/deceleration time 
constant for spindle synchronous control. 
This parameter is applied to the move command after "Acceleration at 
spindle synchronous control" (parameter No. 4032) is applied. 
When this parameter is set, the spindle synchronous speed control 
completion signal (FSPSY), output when the synchronous speed is 
first reached after the spindle synchronous control mode is entered, is 
delayed by the set time. 


NOTE 
Set the same data for the first spindle and second 


spindle. If different data is set, synchronization 
between the two spindles is not guaranteed. 
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16i 30: 
4346 4346 


Unit of data : 
Valid data range : 
Standard setting : 


161 301 
4515 4515 


Unit of data : 


Valid data range : 
Standard setting : 


Incomplete integration coefficient 


0 to 32767 


oO 


Set this parameter to use incomplete integration for velocity loop 
integration control. 


NOTE 
Usually, this parameter need not be adjusted. 


Excessive speed deviation alarm detection level on spindle synchronous 
control 


Imin’' (10min’' when bit 2 (SPDUNT) of parameter No. 4006 is set to 


— 
er 


0 to 32767 


oO 


This parameter sets a level for detecting the excessive speed deviation 
alarm under spindle synchronous control. 

If the positional deviation (position error) or the difference between 
the speed command for the spindle end calculated from the position 
gain and the actual spindle speed exceeds the value set in this 
parameter in the spindle synchronous control mode, the excessive 
speed deviation alarm under spindle synchronous control (spindle 
alarm C8) is detected. When this parameter is set to 0, alarm detection 
is disabled. 

If the speed integration control signal (INTG) is used, the speed 
deviation increases for a cause such as acceleration/deceleration and 
cutting load. The spindle speed deviation that causes torque command 
saturation is indicated below. Set an alarm level by using a calculated 
value as a guideline. (During spindle synchronous control, ensure that 
torque command saturation does not take place.) 


Spindle speed deviation [min] = 1024 x A/P x B/G 
where 


No.4006#1 No.4009#0 




















P: Velocity loop proportional gain on spindle synchronous 
control (No.4044, 4045) 
G: Gear ratio (No.4056 to 4059) 


NOTE 
This parameter is valid with 9D50 series N (14) 





edition or later, 9D70 series D (04) edition or later, 
and 9D80 series A (01) edition or later. 
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167 30: 


4516 4516 


Unit of data : 
Valid data range : 
Standard setting : 


Excessive positional deviation alarm detection level on spindle synchronous 
control 


100 pulses (weight of 4096 pulses/rev) 

0 to 32767 

0 

This parameter sets a level for detecting the excessive positional 
deviation alarm under spindle synchronous control. 

If the positional deviation (position error) exceeds the value set in this 
parameter in the spindle synchronous control mode, the excessive 
positional deviation alarm under spindle synchronous control (spindle 
alarm C9) is detected. When this parameter is set to 0, alarm detection 
is disabled. 

As an alarm level, set a value greater than the positional deviation 
(position error) equivalent to the spindle speed specified in the spindle 
synchronous control mode. The positional deviation equivalent to the 
spindle speed can be calculated from the following expression: 


Positional deviation [pulse] 
= Spindle speed [min’'] / 60 x 4096 x 100 / PG 
where 
PG: Position gain on synchronous control (Nos.4065 to 4068) 


NOTE 
This parameter is valid with 9D50 series N (14) 


edition or later, 9D70 series D (04) edition or later, 
and 9D80 series A (01) edition or later. 
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2.5.9 Number of Error Pulses in Spindle Synchronous Control 


This subsection describes the method of calculating the number of 
error pulses (position error) of each spindle on spindle synchronous 
control mode, and also describes the items to be checked when a 
calculated value differs from the actual number of error pulses. 


(1) Calculating the number of error pulses on spindle synchronous control 
When the spindle is rotating at a constant speed, the number of error 
pulses is calculated as follows: 

Number oferrorpulses(pulse) = 


Spindle synchronization speed(min iy ) 





4096(pulse / rev) x 
60(sec) 
1 
e -l 
Position gain(sec —) 

Example : 

When spindle synchronous speed = 1000 min’, and position gain 

= 20 sec” 

1000 1 





Number of error pulses = 4096 x 7 x 5a = Approx.3413 (pulse) 


(2) Checking the number of error pulses on spindle synchronous control 

If the number of error pulses on spindle synchronous control checked 

by diagnosis (diagnosis screen) differs greatly from the calculated 

value, check the following: 

(a) Spindle speed (This can be checked using the actual rotation 
speed indication of the CNC.) 

(b) Motor speed indication on the spindle monitor screen or the 
spindle check board 

(c) Actual gear ratio between the spindle and motor found from the 
spindle speed and motor speed checked by (a) and (b) 

(d) Spindle-to-motor gear ratio parameters (Nos. 4056 to 4059) 

(e) Position gain parameters (Nos. 4065 to 4068) 

(f) How the gear selection signals (CTHIA, CTH2A) are used for 
selection (This item can be checked on the spindle motor screen 
or the PMC signal status screen.) 


NOTE 
When the 1/100 unit is set as the gear ratio setting 
resolution (with bit 1 of No. 4006 set to 0), the actual 
number of error pulses may differ from the 
calculated value by several pulses due to the 
fraction of the gear ratio. 


In such a case, the difference between the actual 
number of error pulses and the calculated value can 
be decreased when the 1/1000 unit is set as the 
gear ratio setting resolution (with bit 1 of No. 4006 
set to 1). 
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2.5.10 Specifying a Shift Amount for Spindle Phase Synchronous 


Control 


The following describes an example of determining the shift amount 
for phase synchronization in synchronous control of the spindle phase. 


(1) 


(2) 


(3) 


(4) 


(5) 


Apply synchronous control of the spindle phase by setting the 

following: 

(a) SFR (or SRV)=1 for the 1st and 2nd spindles : M03 (M04) 

(b) Spindle synchronous speed command = 0 min’! : SO 

(c) For the Ist and 2nd spindles, set 0 in the parameter 
(No.4034) for the shift amount for spindle phase 
synchronous control. 

After establishing spindle phase synchronization, set SFR/SRV 

for the 2nd spindle to 0 (to deactivate the motor). 

The motor for the 2nd spindle is placed in power-off state at this 

time, so that the 2nd spindle can be rotated manually. 

Rotate the 2nd spindle manually from the position of (1) to the 

position for spindle phase synchronization, then check the 

number of error pulses between the spindles (No. 416) on the 

diagnosis (diagnosis screen). 

This value serves as data to be set in the parameter for the shift 

amount used for spindle phase synchronous control. 

Set the number of pulses found by (3) as shift amount parameter 

data (No. 4034) for spindle phase synchronous control of the 2nd 

spindle. 

In general, set 0 in the parameter for the shift amount for spindle 

phase synchronous control for the Ist spindle. 

After canceling the spindle synchronous control command, 

perform another spindle phase synchronization operation, 

according to the following settings, to check that phase 

synchronization has been established as expected: 

(a) SFR (or SRV)=1 for the 1st and 2nd spindles : M03 (M04) 

(b) Spindle synchronous speed command = 0 min’! : SO 


2.5.11 Diagnosis (Diagnosis Screen) 


Address 





16i 


Description 


Position error on spindle synchronous control 
mode_ (1st spindle) 





Position error on spindle synchronous control 
mode (2nd spindle) 





Absolute value of a synchronous error between 
the 1st spindle and 2nd spindle 





Positional error of each spindle in spindle 
synchronous control mode 








Synchronous error of each spindle in spindle 
synchronous control mode 
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2.5.12 Alarm 


(1) Series 16: 


(2) Series 30: 


This subsection provides a list of the alarms related to spindle 
synchronous control only. For details of alarms, refer to the 
Connection Manual (Function) of each CNC. 


(a) 


(b) 


(c) 


For Series 167/187/211 

“FANUC Series 167/18i/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Section 9.12, “SPINDLE SYNCHRONOUS 
CONTROL.” 

For Series 30i/3 11/321 

“FANUC Series 307/311/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Section 11.13, “SPINDLE SYNCHRONOUS 
CONTROL.” 

For Series 0 

“FANUC Series 01- MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 

Refer to Section 9.11, “SPINDLE SYNCHRONOUS 
CONTROL.” 


Alarm No. Description 


194 Cs contouring control is specified in serial spindle synchronous 
control mode. 


Alarm No. Description 


Cs contouring control is specified in serial spindle synchronous 
control mode. 





PS194 
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2.6 SPECIFICATIONS COMMON TO ALL OPERATION MODES 


2.6.1 Overview 


This section describes the I/O signals (CNC <> PMC), parameters, 
diagnosis signals, and alarms common to all operation modes. 


2.6.2 List of I/O Signals (CNC <> PMC) 


This subsection provides a list of the I/O signals related to spindle 
speed control only. For details of each signal, refer to the Connection 
Manual (Function) of each CNC. 


(a) For Series 161/181/211 
“FANUC Series 16i/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(b) For Series 3037/3 11/321 
“FANUC Series 3071/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
(c) For Series 151 
“FANUC Series 151-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(d) For Series 07 
“FANUC Series 07-MODEL C 
CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 


For details of the I/O signals common to the CNCs, see Chapter 3, 
"I/O SIGNALS (CNC < PMC)", in Part I. 
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(1) Input signals (PMC + CNC) 


(a) Series 16: 


Common to all axes 


Common to all axes 
Common to all axes 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


(b) Series 30: 


Common to all axes 
Common to all axes 
Common to all axes 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


G027 


G028 


G029 
G030 


G032 
G034 


G033 
G035 


G027 


G028 


G029 
G030 


G032 
G034 


G033 
G035 








#7 #6 #5 #4 #3 #2 #1 #0 
ee ee ee 

(*1) (*1) (*1) (*1) 
Pee or 
[ase [oorper] [ | | 





| Rosi | Rov | rost_| Rosi | Roa | Rosi _| Roa | Row | 
| Rosiz | Ro7iz | Rosz | Rosi2 | Ros | Rosiz | Rozz | Rona | 


NOTE 
*1 These signals are valid in multi-spindle control. 


#7 #6 #5 #4 #3 #2 #1 #0 
ee ee ee 

(*1) (*1) (*1) (*1) 
ere or 
[ase [oorfer] [| | | 





| Rosi | Roi | Rost | Rosi | Roa | Rosi _| Roa | Row | 
| Rosiz | Ro7iz | Roez | Rosi2 | Ros | Rosiz | Rozz | Rowi2 | 


NOTE 
*1 These signals are valid in multi-spindle control. 
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(c) Series 15: 
#7 #6 #5 #4 #3 #2 #1 #0 
Common to allaxes G005 


st cos | | esaa | saa | sia | | | | 
anc 272 |___ asap | csp [ose] | || 


(d) Common to CNCs 





15i 161 30: #7 #6 #5 #4 #3 #2 #1 #0 
1st- G228 G073 G073 P| 
2nd- G236 G077 G077 PT 
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(2) Output signals (CNC — PMC) 


(a) Series 16: 


(b) Series 30: 


F001 
FOO7 
FO22 
F023 
F024 
F025 


F034 


F036 
F037 


F001 
FOO7 
FOQ22 
F023 
F024 
F025 


F034 


F036 
F037 









i a 
[raao | nore | rose | nas | moo | roo | nono | 
Ce a Cg on 


GR20 GR10 
ee 
Taso | wore [rose | novo | movo | novo | R020 
ea Se Ta 


NOTE 
*1 These signals are valid with the M series only. 
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(c) Series 15: 


Common to all axes F008 
Common to all axes F020 
Common to all axes F021 
Common to all axes F022 


Common to all axes F023 


Common toatlaxes Fo4s | | [srsroy} | | | 


1st- F341 











2nd- F342 


(d) Common to CNCs 





15 16i 30: #7 #6 #5 #4 #3 #2 #1 #0 
1st- F231 F047 F047 
2nd- F247 FO51 FO51 
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2.6.3 Parameters 


This subsection describes those parameters that are common to all 
operation modes by dividing them into several types. 


NOTE 
For the detector-related parameters, see Section 


1.3, "PARAMETERS RELATED TO DETECTORS", 
in Part I. 





(1) List of parameters specific to spindle motor driving 


This item provides a list of the motor parameters specific to spindle 
motor driving (with no speed range switching). Usually, the settings of 
these parameters need not be changed. Use the values indicated on a 
parameter table for each motor model without modification. 


Parameter No. 
16i 
3006#2 4006#2 4006#2 Sets the unit of speed. 
3008#4 4008#4 4008#4 Sets the method of output control. 
3011#3 4011#3 4011#3 Sets the number of motor poles. 
3011#4 4011#4 4011#4 Sets a maximum output for acceleration/deceleration. 
3011#7 4011#7 4011#7 Sets the number of motor poles. 
3012#2,#1,#0 | 4012#2,41,#0 | 4012#2,41,#40 |Sets a PWM carrier frequency. 
3012#7 4012#7 4012#7 Sets the spindle HRV function. 
3013#6 to #2 | 4013#6 to #2 | 4013#6 to #2 |Sets current dead-band data. 
3013#7 4013#7 4013#7 Sets a PWM carrier frequency in low-speed characteristics area of 
speed range switching. 
3020 4020 4020 Maximum motor speed 
3039 4039 4039 Slip compensation coefficient 
3080 4080 4080 High-speed area regenerative power limit/regenerative power limit 
3083 4083 4083 Motor voltage on velocity control 
3084 4084 4084 Motor voltage on orientation 
3085 4085 4085 Motor voltage on servo mode/spindle synchronous control 
3086 4086 4086 Motor voltage on Cs contouring control 
3100 4100 4100 Base speed for motor output specification 
3101 4101 4101 Torque limitation value for motor output specification 
3102 4102 4102 Excitation voltage saturation speed with no load 
3103 4103 4103 Base speed limit ratio 
3104 4104 4104 Current loop proportional gain 
3106 4106 4106 Current loop integral gain 
3108 4108 4108 Current loop integral gain zero speed 
3109 4109 4109 Filter time constant in voltage command saturation processing 
3110 4110 4110 Current conversion constant 
3111 4111 4111 Secondary current coefficient 
3112 4112 4112 Voltage command saturation decision level/PWM command clamp value 
3113 4113 4113 Slip constant 
Slip compensation coefficient for a high-speed area/slip compensation 
coefficient at deceleration time 
3115 4115 4115 PWM command clamp value at deceleration time 
3116 4116 4116 Motor leakage constraint 





Description 






















































































3114 4114 4114 
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Parameter No. 
16: 





Description 


Voltage compensation coefficient for a high-speed area in steady 
state/motor voltage coefficient in steady state 

Voltage compensation coefficient for a high-speed area at deceleration 
time/motor voltage coefficient at deceleration time 

Time constant for excitation current change at deceleration time/time 
constant for excitation current change 

Dead-band rectangular wave component zero voltage/dead-band data 
Load meter indication value at maximum output time 

Compensation coefficient between the specification and true 
base/maximum torque curve compensation coefficient 

Secondary current coefficient on rigid tapping 

Current loop proportional gain velocity coefficient/current phase delay 
compensation constant 

Motor model code 

Motor overheat level (2 words) 

Temperature monitoring time constant 

Load meter compensation 1 

Load meter compensation 2 

Load meter compensation 3 


















































(2) List of parameters related to alarm detection 
This item provides a list of the parameters related to alarm detection 
conditions. 


Parameter No. 
16i 


3009#2 4009#2 4009#2 Motor power turn-off method when spindle alarm 24 (serial data transfer 
error) is issued 





Description 





3087 4087 4087 Overspeed level 

3088 4088 4088 Velocity error excess detection level when the motor is bound 
3089 4089 4089 Velocity error excess detection level when the motor is rotating 
3090 4090 4090 Overload detection level 

3123 4123 4123 Short-time overload detection period 
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(3) Other parameters 


Parameter No. 





15i 


16i 
3706#1,0 


This item provides a list of the parameters common to all operation 
modes except the parameters listed in Items (1) and (2) above. 


Description 


Gear ratio between the spindle and position coder (cases of x1, x2, x4, x8) 





5602#3 


Whether to indicate an alarm detected by the spindle amplifier (Usually, set 0.) 





5807#0 


Enables/disables the spindle alarms (SPxxxx) of all spindles. (Usually, set 0.) 





5842 


3720 


Number of position coder pulses 





5850 


Spindle number selected at power-on/reset time 





3001#0 


4001#0 


4001#0 


Whether to use the MRDY signal (machine ready signal) 





3006#1 


4006#1 


4006#1 


Gear ratio increment system 





3006#2 


4006#2 


4006#2 


Sets the unit of speed. 





3009#0 


4009#0 


4009#0 


Velocity loop gain increment system 





3009#4 


4009#4 


4009#4 


Whether to output the load detection signals (_.DT1, LDT2) during 
acceleration/deceleration 





3012#7 


4012#7 


4012#7 


Sets the spindle HRV function. 





3019#2 


4019#2 


4019#2 


Whether to perform torque clamping when the speed is zero 





3019#7 


4019#7 


4019#7 


Automatic parameter setting function 





3352#1 


4352#1 


4352#1 


Sets the peak hold function for load meter output. 





3395#3 


4395#3 


4395#3 


Sets parameter transfer from the CNC to spindle software. 





3020 


4020 


4020 


Maximum motor speed 





3022 


4022 


4022 


Speed arrival detection signal 





3023 


4023 


4023 


Speed detection level 





3024 


4024 


4024 


Speed zero detection level 





3025 


4025 


4025 


Torque limitation value. 





3026 


4026 


4026 


Load detection level 1 





3027 


4027 


4027 


Load detection level 2 





3056 


4056 


4056 


Gear ratio (High) 





3057 


4057 


4057 


Gear ratio (Medium High) 





3058 


4058 


4058 


Gear ratio (Medium Low) 





3059 


4059 


4059 


Gear ratio (Low) 





3095 


4095 


4095 


Speedometer output voltage adjustment value 





3096 


4096 


4096 


Load meter output voltage adjustment value 





3122 


4122 


4122 


Speed detection filter time constant 





3170 


4170 


4170 


Overload current alarm detection level 





3345 


4345 


4345 


Detection level of the spindle motor speed command 





3346 


4346 


4346 


Incomplete integral coefficient 





3351 








4351 


4351 





Current detection offset compensation 
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2.6.4 Details of Parameters 


This subsection details the serial spindle parameters (in the four 
thousands for 167, in the four thousands for 301, and in the three 
thousands for 157) among the parameters common to all operation 
modes. For details of other parameters, refer to the Connection 
Manual (Function) of each CNC. 
(a) For Series 167/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3021/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(d) For Series 07 

“FANUC Series 0i-MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 

Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 





(1) List of parameters specific to spindle motor driving 


Usually, the settings of the motor parameters specific to spindle motor 
driving need not be changed. Their details are omitted. 


(2) List of parameters related to alarm detection 


153 
3009 


167 
4009 


30: 
4009 


This item details the parameters related to alarm detection conditions. 


#7 


#6 #5 #4 #3 #2 #1 #0 
a 


ALSP Motor power turn-off method when spindle alarm 24 (serial data 


transfer error) is issued 

0: Turns off the power after the motor is decelerated and stopped. 

1: Turns off the power to the motor immediately. 

Set this parameter to | to turn off the power to the motor immediately 
when any spindle alarm is issued 
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157 167 301 
3087 4087 4087 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3088 4088 4088 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3089 4089 4089 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3090 4090 4090 


Unit of data : 
Valid data range : 
Standard setting value : 


FANUC AC SPINDLE MOTOR ai series 


2.EXPLANATION OF OPERATION MODES _ FANUC BUILT-IN SPINDLE MOTOR Bil series _B-65280EN/06 


Overspeed level 


1% 

0 to 115 

115 

This parameter sets an overspeed level. 

When the speed exceeds [maximum motor speed (No. 4020) x setting 
data (%)], the overspeed alarm (spindle alarm 07) is issued. 


A\ WARNING 


Make sure this parameter is set to the standard 
setting value. Do not change the value. 





Velocity error excess detection level when the motor is bound 


0.01% 

0 to 10000 

75 

This parameter sets a velocity error excess (spindle alarm 31) 
detection level when the motor is bound. 

If a velocity error equal to or greater than [maximum motor speed (No. 
4020) x setting data (%)] occurs when the motor is bound, for 
example, the motor binding alarm (spindle alarm 31) is issued. 


Velocity error excess detection level when the motor is rotating 


0.1% 

0 to 1000 

200 

This parameter sets a velocity error excess detection level when the 
motor is rotating. 

If a velocity error equal to or greater than [maximum motor speed (No. 
4020) x setting data (%)] occurs, the velocity error excess alarm 
(spindle alarm 02) is issued. 


Overload detection level 


1% 

0 to 100 

90 

This parameter sets a condition for detecting the short-time overload 
alarm (spindle alarm 29). 

If the state where a load equal to or greater than setting data (%) 
(maximum motor output [load meter full scale] = 100%) is imposed 
on the spindle motor lasts for a specified period (set in No. 4123) or 
more, the short-time overload alarm (spindle alarm 29) is issued. 
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157 
3123 


167 301 
4123 4123 


Unit of data : 


Valid data range : 
Standard setting value : 


(3) Other parameters 


151 
3001 


153 
3006 


16i 303 
4001 4001 
MRDY1 
16i 303 
4006 4006 
GRUNIT 


Short-time overload detection period 


lsec 

0 to 500 

30 

This parameter sets the timing for detecting the short-time overload 
alarm (spindle alarm 29). 

If the state where a load equal to or greater than the specified value 
(set in parameter No. 4090) is imposed on the spindle motor lasts for 
at least the period specified in this parameter, the short-time overload 
alarm (spindle alarm 29) is issued. 


This item details the parameters common to all operation modes 
except the parameters listed in Items (1) and (2) above. 


#7 #6 #5 #4 #3 #2 #1 #0 


a ee 


Whether to use the MRDYA signal (machine ready signal) 
0: Does not uses the MRDYA signal (MRDYA = | at all times). 
1: Uses the MRDYA signal. 


#7 #6 #5 #4 #3 #2 #1 #0 


a ee 


Sets a gear ratio setting resolution: 

0: 1/100 unit 

1: 1/1000 unit 

Select a gear ratio data setting resolution from the following: 

(a) Resolution based on motor speed increased by a factor of 100 
relative to one spindle rotation 

(b) Resolution based on motor speed increased by a factor of 1000 
relative to one spindle rotation 

Depending on the setting of this parameter, the increment system of 

the parameters indicated in the table below changes. 


Parameter No. 
16: 3 





Description 
45 P 
t 





i 0i 
3056 to 3059 | 4056 to 4059 |4056 to 4059 |Spindle-to-motor gear ratio data 


NOTE 
Usually, use the 1/100 unit (setting "0"). 
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SPDUNT _ Sets the unit of speed. 
0: Sets the 1 min™ unit. 
1: Sets the 10 min’ unit. 
When a type of motor whose maximum speed exceeds 32767 min” is 
used, set this parameter to 1. 
The setting of this parameter changes the increment systems of the 
parameters listed in the table below. 


Increment system of 


Parameter No. 







































































Description parameter 
16i j 1 min“ unit | 10 min” unit 
3020 4020 4020 _|Maximum motor speed min’ 10min" 
3024 4021 4021 Maximum spindle speed on Cs contouring 4min’’ 40min’ 
control 
3030 4030 4030 [Soft start/stop setting time 1min’'/sec 10min"'/sec 
3032 4032 4032 __|Acceleration on spindle synchronous control 1min’'/sec 10min“'/sec 
3033 4033 4033 _|Spindle synchronous speed arrival level 1min" 10min” 
3074 A074 A074 Reference position return speed on Cs 4min“' 40min“? 
contouring control/servo mode 
3098 4098 4098 Maxine speed for position feedback signal 4min’’ 40min’ 
detection 
3100 4100 4100 |Base speed for motor output specification 1min" 10min” 
3102 4102 4102 _|Excitation voltage saturation speed with no load 1min" 10min” 
3108 4108 4108 |Current loop integral gain zero speed dmin’' 10min" 
Low-speed characteristics parameters (when the speed range switching control function is used) 
3108 4108 4108 |Current loop integral gain zero speed dmin’' 10min" 
3138 4138 4138 |Base speed for motor output specification 1min" 10min” 
3140 4140 4140 [Excitation voltage saturation speed with no load dmin™ 10min" 
3144 4144 4144 |Current loop integral gain zero speed dmin’' 10min" 
3160 4160 4160  |Speed detection level hysteresis dmin™ 10min" 


NOTE 
1 Usually, set the 1 min’' unit (by setting the 


parameter to 0). 
2 After changing the setting of this parameter, turn the 
CNC off, then on again. 





151 167 30: #7 


#6 #5 #4 #3 #2 #1 #0 


VLPGAN _ Velocity control loop gain increment system 
0: Uses ordinary setting. 
1: Divides ordinary setting data by 16 for processing. 


NOTE 
Usually, set this parameter to 0. 
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151 
3012 


153 
3019 


LDTOUT 


167 30: 
4012 4012 


SPHRV 


167 30: 
4019 4019 


SSTTRQ 


PRLOAD 


Whether to output the load detection signals (LDT1, LDT2) during 

acceleration/deceleration 

0: Does not output the load detection signals during acceleration/ 
deceleration (standard setting value). 

1: Outputs the load detection signals during acceleration/ 
deceleration (at all times) when the parameter-set level is 
exceeded. 


#7 #6 #5 #4 #3 #2 #1 #0 
[spopv| | TT 
Sets the spindle HRV control function. 

0: Disables spindle HRV control. 


1: Enables spindle HRV control. (standard setting value) 
Set this parameter to 1. 


NOTE 
The control method usable with the ai series spindle 


is spindle HRV control only. 
The conventional control method is not supported. 





#7 #6 #5 #4 #3 #2 #1 #0 
prcoan] =| | | ssrmra] | 
Whether to perform torque clamping when the speed is zero 


0: Performs clamping. 
1: Does not perform clamping. 


NOTE 
Usually, set this parameter to 1 not to perform 
clamping. 





Automatic parameter setting function 

0: Does not perform automatic parameter setting (standard setting 
value). 

1: Performs automatic parameter setting. 

After setting a desired motor model code in parameter No. 4133 and 

setting this bit to 1, turn off the power to the CNC, then turn on the 

power to the CNC again. The parameters (No. 4000 to No. 4175) for 

the ai series spindle corresponding to the model code are 

automatically initialized. Upon completion of automatic setting, this 

bit is automatically set to 0. 


NOTE 
With FS15:, the parameter address of this function is 
different, namely, bit 0 of No. 5607 is used. Moreover, 
note that the meanings of settings are reversed as 


follows. 


0: Performs automatic parameter setting. 
1: Does not perform automatic parameter setting. 
In this case, set a model code in parameter No. 3133. 
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151 167 30: 
3352 4352 4352 


PKHALW 


151 167 30: 
3395 4395 4395 


PRIMED 


157 167 301 
3020 4020 4020 


Unit of data : 


Valid data range : 
Standard setting value : 


157 167 30 
3022 4022 4022 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3023 4023 4023 


Unit of data : 
Valid data range : 
Standard setting value : 


#7 #6 #5 #4 #3 #2 #1 #0 
a a ee ee 
Sets the peak hold function for load meter output. 


0: Does not use the peak hold function. (standard setting value) 
1: Uses the peak hold function. 


#7 #6 #5 #4 #3 #2 #1 #0 

Sets parameter transfer from the CNC to spindle software. 

0: Regards parameters as valid one second after they are transferred 
from the CNC. (Standard setting value) 


Regards parameters as valid as soon as they are transferred from 
the CNC. 


— 


NOTE 
This parameter is valid with 9D50 series F (06) 


edition or later, 9D70 series A (01) edition or later, 
and 9D80 series A (01) edition or later. 





Maximum motor speed 


Imin™ (Unit of 10 min™ when bit 2 (SPDUNT) of parameter No. 4006 
=1) 

0 to 32767 

Depends on the motor model. 

This parameter sets a maximum spindle motor speed. 


Speed arrival detection level 


150 

This parameter sets a speed arrival signal (SARA) detection range. 
When the motor speed reaches within +(setting data/10)% of a 
specified speed, the speed arrival signal (SARA) is set to 1. 


Speed detection level 


30 

This parameter sets a speed detection signal (SDTA) detection range. 
When the motor speed is (setting data/10)% of a maximum speed or 
less, the speed detection signal (SDTA) is set to 1. 
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157 167 30 
3024 4024 4024 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3025 4025 4025 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3026 4026 4026 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3027 4027 4027 


Unit of data : 
Valid data range : 
Standard setting value : 


Speed zero detection level 


0.01% 

0 to 10000 

1D 

This parameter sets a speed zero detection signal (SSTA) detection 
range. 

When the motor speed is (setting data/100)% of a maximum speed or 
less, the speed zero detection signal (SSTA) is set to 1. 


Torque limitation value. 


1% 

0 to 100 

50 

This parameter sets a torque limitation value to be applied when the 
torque limitation command HIGH (TLMHA) or the torque limitation 
command LOW (TLMLA) is specified. 

The data indicates limitation values when the maximum torque is 
100%. 


Torque limitation | Torque limitation 
command command Description 
LOW(TLMLA) HIGH(TLMHA) 


No torque limitation is imposed. 
The torque is limited to the value 
set in this parameter. 

The torque is limited to a half of 
the value set in this parameter. 




















Load detection level 1 


1% 

0 to 100 

83 

This parameter sets a load detection signal 1 (LDT1A) detection range. 
When the output of the spindle motor is (setting data)% of the 
maximum output or more, load detection signal 1 (LDT1A) is set to 1. 


Load detection level 2 


1% 

0 to 100 

95 

This parameter sets a load detection signal 2 (LDT2A) detection range. 
When the output of the spindle motor is (setting data)% of the 
maximum output or more, load detection signal 2 (LDT2A) is set to 1. 
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157 167 301 


3056 4056 4056 Gear ratio (HIGH) CTH1A=0, CTH2A=0 
3057 4057 4057 Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 
3058 4058 4058 Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
3059 4059 4059 Gear ratio (LOW) CTH1A=1, CTH2A=1 


Unit of data: (Motor rotation for one rotation of spindle) x 100 
(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation x 1000) 
Valid data range: 0 to 32767 
Standard setting: 100 
These data are used to set the gear ratio between spindle and spindle 
motor. 
Example : 
When the spindle rotates once, set "250" as the data when the 
motor rotates 2.5 times. 
A parameter is selected with the CTH1A and CTH2A input signals. 
Set the gear or clutch status to correspond to the clutch/gear signal 
(CTH1A, CTH2A) in input signals. 


NOTE 
When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 


the spindle can continue rotating without stopping at 
the time of orientation. So, be sure to set a proper 
gear ratio. 





157 167 301 


3095 4095 4095 Speedometer output voltage adjustment value 


Unit of data: 0.1% 
Valid data range:  -1000 to +100 (-100% to +10%) 
Standard setting value : 


oO 


Set this parameter when making a fine adjustment of speedometer 
output voltage. 
Positive (+) data increases the output voltage. 


NOTE 
Usually, this parameter need not be adjusted. 
151 161 30: 


3096 4096 4096 Load meter output voltage adjustment value 


Unit of data: 0.1% 
Valid data range:  -1000 to +100 (-100% to +10%) 
Standard setting value : 


oO 


Set this parameter when making a fine adjustment of load meter 
output voltage. 
Positive (+) data increases the output voltage. 


NOTE 
Usually, this parameter need not be adjusted. 
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157 167 301 
3122 4122 4122 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3170 4170 4170 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3345 4345 4345 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3346 4346 4346 


Unit of data : 
Valid data range : 
Standard setting value : 


Speed detection filter time constant 


0.1ms 
0 to 10000 


NOTE 
Usually, this parameter need not be adjusted. 


Specified detection level of the spindle motor speed 


1 min’! 
0 to 32767 


oO 


This parameter sets the detection level of the spindle motor speed 
detection function. If the specified spindle motor speed is greater than 
the set value, the level of the speed specification detection signal 
output from the spindle amplifier to the CNC becomes 1. 

If the set value is 0, the level of the speed specification detection 
signal is always 0. 


Incomplete integral coefficient 


0 to 32767 


oO 


Set this parameter to use incomplete integral function for velocity loop 
integral control. 


NOTE 
Usually, this parameter need not be adjusted. 
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157 167 301 


3351 4351 4351 Current detection offset compensation 


Unit of data : 
Valid data range: 0 to +32767 
Standard setting value: 0 


NOTE 
Usually, this parameter need not be adjusted. 
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2.6.5 Diagnosis (Diagnosis Screen) 


This subsection provides a list of the diagnosis (diagnosis screen) 
indications common to all operation modes only. For details, refer to 
the Connection Manual (Function) of each CNC. 
(a) For Series 161/187/211 
“FANUC Series 167/187/21i-MODEL B 
MAINTENANCE MANUAL : B-63525EN 
Refer to Section 1.8, “DISPLAYING DIAGNOSTIC PAGE.” 
(b) For Series 3037/3 11/321 
“FANUC Series 307/3 11/32i-MODEL A 
MAINTENANCE MANUAL : B-63945EN 
Refer to Section 1.3, “DIAGNOSIS FUNCTION.” 
(c) For Series 151 
“FANUC Series 15i-MODEL B 
MAINTENANCE MANUAL : B-63785EN 
Refer to Section 1.3, “DIAGNOSIS FUNCTION.” 
(d) For Series 07 
“FANUC Series 0i-MODEL C 
MAINTENANCE MANUAL : B-64115EN 
Refer to Section 1.8, “DISPLAYING DIAGNOSTIC PAGE.” 


(1) Series 16: 


Information including spindle control information 

Serial spindle alarm state of the first spindle 

Serial spindle alarm state of the second spindle 

First spindle motor temperature [°C] ™) 

Second spindle motor temperature [°C] m) 

Information related to spindle serial output interface communication errors 
Information related to spindle serial output interface activation 
Load meter indication for the first spindle [%] 

Speedometer indication for the first spindle [min] 

Load meter indication for the second spindle [%] 
Speedometer indication for the second spindle [min™] 
Position coder feedback signal for the first spindle [pulse] 
Position coder feedback signal for the second spindle [pulse] 
First spindle position data 

Second spindle position data 

First spindle error state ™ 

Second spindle error state cH 

First spindle warning state ™) 

Second spindle warning state m™) 



























































NOTE 
“1 The indications are provided only when the MODEL 
B CNC is combined with the ai spindle. 
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(2) Series 30: 


Information including spindle control information 

First spindle motor temperature [°C] 

Information related to spindle serial output interface communication errors 
Load meter indication for the spindle [%] 

Speedometer indication for the spindle [min-1] 

Position coder feedback signal for the spindle [pulse] 

Spindle position data 

Spindle error state 

Spindle warning state 





























(2) Series 15: 


Address Description 


Information about spindle serial output interface communication errors 
Spindle motor torque data 

Spindle motor speed data 

Spindle state error number (*1) 

Spindle warning number (*1) 

Spindle motor temperature information (*1) 




















NOTE 
“1 The indications are provided only when the MODEL 


B CNC is combined with the ai spindle. 
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lO SIGNALS (CNC ~ PMC) 





This chapter explains the functions of the signals directly input from 
the PMC to spindle amplifier (SP) via the CNC and the signals 
directly output from the spindle amplifier (SP) to PMC. For other 
spindle-related I/O signals, refer to the Connection Manual (Function) 
of the relevant CNC. 
(a) For Series 161/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Chapter 9, “SPINDLE SPEED FUNCTION.” 
(b) For Series 3037/3 11/321 

“FANUC Series 307/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Chapter 11, “SPINDLE SPEED FUNCTION.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.7, “SPINDLE SPEED FUNCTION.” 
(d) For Series 07 

“FANUC Series 0i-MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 

Refer to Chapter 9, “SPINDLE SPEED FUNCTION.” 
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INPUT SIGNALS (PMC->CNC->SP) 


This section describes the functions of the signals directly input from 
the PMC to spindle amplifier (SP) via the CNC and also describes the 
signal addresses of the first spindle and second spindle. For other 
spindle-related input signals, refer to the Connection Manual 
(Function) of the relevant CNC. 
(a) For Series 161/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Chapter 9, “SPINDLE SPEED FUNCTION.” 
(b) For Series 3037/3 11/321 

“FANUC Series 30i/311/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Chapter 11, “SPINDLE SPEED FUNCTION.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.7, “SPINDLE SPEED FUNCTION.” 
(d) For Series 07 

“FANUC Series 0i-MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 

Refer to Chapter 9, “SPINDLE SPEED FUNCTION.” 


List of Input Signals 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


151 
G227 
G235 


G226 
G234 


G229 
G237 


G228 
G236 


161 
G070 
G074 


GO071 
G075 


G072 
G076 


G073 
G077 


301 
G070 
G074 


G071 
G075 


G072 
G076 


G073 
G077 


#7 #6 #5 #4 #3 #2 #1 #0 
[uRova ToRowa] Sra | Sava [orHia | erin [Tuna | Tuma | 
furove [orcus| seme | save [ors | ons [rome | rum | 


Prone | este | wres [socwe [wcrwe | spss | “esee | ansra | 


RonNGATWENRGAT WOMBAT OVRA [DEFUDATNRROA ROTAA | WOXA | 
rcurics|urwncs| wowpe| ovrs osrwoe|wrros | rovas | moxe | 


[I Tosena sonia wore] sive 
pL Fosens sonsis| wore [sive |_| 
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Explanation of Input Signals 


Torque limitation 
command LOW 





Torque limitation 
command HIGH 


Description 

These signals limit the output torque of the spindle motor. 
The limit value is set in spindle parameter No. 4025. 

TLML TLMH 

0 0 : Torque not limited 

0 1 : Limited to the parameter-set value 
1 0 : Limited to about half of the parameter-set value 
1 1 : Limited to about half of the parameter-set value 





Clutch/gear signal 


These signals set the conditions listed below according to the clutch or gear 
status. 
The signals can also be used for selecting spindle control parameters. 
The names such as HIGH GEAR are given for convenience, and the 
correspondence to the actual gears is free. 

CTH1 CTH2 

0 0 : HIGH GEAR 

0 1 : MEDIUM HIGH GEAR 
1 0 : MEDIUM LOW GEAR 
1 i : LOW GEAR 





Reverse rotation 
command 





Forward rotation 
command 


These signals set the rotation direction of the spindle motor when viewed from 
the shaft side. 
SRV SFR 
0 0 
0 1 


: Stopped 

: Forward rotation (CCW: Counterclockwise direction) 
1 0 : Reverse rotation (CW: Clockwise direction) 

1 1 : Stopped 





Spindle orientation 
command 


This signal is used to perform spindle orientation control. 
0: Turns off the spindle orientation command. 
1: Performs spindle orientation control. 





Machine ready signal 


0: Motor excitation is off. 
1: Ready for operation 





Spindle alarm reset 
signal 


This signal is used to reset spindle alarms. 


had 


32 msec min. 


An alarm is reset when the signal status changes from "1" to 
"oO". 


aq” 
“9” 





Emergency stop signal 


0: Emergency stop 
1: Normal operation 





Spindle switching 
request signal 


This signal is used to select a spindle motor in spindle switching control. 
0: Selects the main spindle motor. 
1: Selects the sub-spindle motor. 





Magnetic contactor 
status signal for the 
sub-spindle motor 


This signal is used in spindle switching control. 

0: The MCC on the sub-spindle motor side is OFF (the main spindle motor is 
selected). 

1: The MCC on the sub-spindle motor side is ON (the sub-spindle motor is 
selected). 





Soft start/stop signal 


: Disables the soft start/stop function. 
: Enables the soft start/stop function. 








Velocity integral control 
signal 





: Enables velocity integral control. 
: Disables velocity integral control. 
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Speed range switching 


Description 


This signal is used to select output characteristics in speed range switching 
control. 























Rone request signal 0: Selects the high-speed range characteristics. 
1: Selects the low-speed range characteristics. 
RRGReHe CORIReIOr This signal is used in speed range switching control. 
g f 0: The MCC on the low-speed characteristics side is OFF (the high-speed 
status signal for the ae 
RCHA, B uleseed characteristics are selected). 
is eats 1: The MCC on the low-speed characteristics side is ON (the low-speed 
characteristics cere 
characteristics are selected). 
: F This signal is used in orientation with the stop position set 
Orientation stop ian ‘ eee 
is 1 external setting type. When the status of this signal changes 
INDXA, B position change “Q” ape ate BE ae 
from "1" to "0", new position stop data is input, and a 
command Fe 
movement to the new position then a stop take place. 
Rotation direction This signal is used in orientation with the stop position set external setting type. 
ROTAA,B_ |jcommand at orientation |0: CCW (counterclockwise) 
stop position change 1: CW (clockwise) 
Shortcut command at [This signal is used in orientation with the stop position set external setting type. 
NRROA, B _ jorientation stop position |0: The rotation direction depends on the ROTA signal setting. 
change 1: Shortcut control (within +180°) 
OVRA, B Analog override 0: Disables analog override. 
command 1: Enables analog override. 
INGMDA, 8 incremental comiiand 1: incremental command spindle orientation 
0: Ordinary orientation 
Magnetic contactor : ‘ ; ee 
MFNHGA, B |status signal for the i The MCC on the main spindle motor side is OFF. 


main spindle motor 
Magnetic contactor 
status signal for the 
high-speed 
characteristics 


: The MCC on the main spindle motor side is ON. 


: The MCC on the high-speed characteristics side is OFF. 
: The MCC on the high-speed characteristics side is ON. 





Motor power turn-off 
signal 


1: Turns off the motor power. 





Synchronous 
orientation request 
command 


This signal requests a synchronous orientation operation. 
0: Cancels synchronous orientation. 
1: Requests synchronous orientation. 





Disconnection detection 
disable signal 


This signal is used to detach the feedback cable between the amplifier and motor. 
0: Enables disconnection and overheat detection. 
Disables disconnection and overheat detection. 





Differential speed mode 
command signal 


Disables differential speed mode. 








Tandem operation 
command 





Disables tandem operation. 
Enables tandem operation. 





1: 
0: 
1: Enables differential soeed mode. 
0: 
1: 


- 184 - 


FANUC AC SPINDLE MOTOR ai series 
B-65280EN/06 FANUC BUILT-IN SPINDLE MOTOR Bil series 3.1/0 SIGNALS (CNC <> PMC 


3.1.3 Details of Input Signals 


(a) Torque limitation command signals (TLMLA, TLMHA) 
(1) A torque limit is used to rotate the spindle motor by decreasing 
the output torque of the spindle motor temporarily at the time of 
mechanical spindle orientation and so forth. 
(2) For each machine, the machine tool builder must set the output 
torque and speed applied at the time of orientation so that hitting 
against the machine stopper produces less impact. 
(3) The output torque at orientation can be adjusted with parameter 
No. 4025. 
(4) If the torque limitation command signals are set to 1, the torque 
limitation state is entered. (Even when | is specified during 
motor rotation, it becomes valid immediately.) As soon as the 
torque limitation state is entered, the torque limitation 
in-progress signal (TLMA) is output externally. 
(5) When mechanical orientation is to be performed at the time of 
ATC of a machining center, the power magnetics sequence 
design must take the following into consideration not to damage 
the machine stopper: 
<1> The output torque at orientation time must not be 
excessively large. 

<2> The speed at orientation time must not be excessively high. 
Interlock must be provided so that, for example, when the 
speed detection signal detects an excessively high speed, the 
protrusion of the stopper is suppressed. 

<3> When the torque limit is canceled, the stopper must have 
been certainly kept in place. 


Example of a mechanical orientation sequence 





Torque limitation command TLMLA, TLMHA 









Speed command at orientation 





Command Sion. 
(forward/reverse rotation command) \ 
' Torque Timitation in-progress signa 
TLMA 
Zero speed; 
signal ; 0” “1” SSTA 
Signals for Speed detection, ‘ON when the speed is not 
spindle signal higher than a certain level 
amplifier Rotated stowly in the torque 
| | limitation state 
| 
| 
Motor speed (Stopped) 
Stopped) p bop 
Sieopers protruded 7 Yy YA (Kept) 
Machine (Kept) 
Limit switch 
(Stop confirmation signal) 
ATC 


(tool change) 


CL RRR 


* If the above conditions are hard to satisfy, employ purely 
electrical spindle orientation (a CNC software option is required), 
which does not use the stopper. 
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(b) Clutch/gear signals (CTH1A, CTH2A) 


(1) 


(2) 


When there are two or more gear change stages between the 
spindle and spindle motor, these signals are used to select spindle 
control parameters (position gain, gear ratio, and velocity loop 
gain) for each gear. These signals are also used for a motor 
having an speed range switching function to select control 
parameters for each winding. 

Make settings as listed in the table below according to the state 
of the clutch or gear. The names such as HIGH GEAR are given 
for convenience, and the correspondence to the actual gears is 
free. 


HIGH GEAR 
MEDIUM HIGH GEAR 
MEDIUM LOW GEAR 
LOW GEAR 

















(c) Forward rotation command signal (SFRA) and reverse rotation command 


signal (SRVA) 
(1) 


(2) 


(3) 


When the following four conditions are satisfied, the spindle 

motor starts forward or reverse rotation according to the speed 

command (a positive value): 

<1> Emergency stop signal *ESPA is set to 1. 

<2> Machine ready signal MRDYA is set to 1. 

<3> Forward rotation command signal SFRA or reverse rotation 
command signal SRVA is 1. 

<4> The contact signal between ESP and 24 V (CX4 of the 
common power supply (PS)) is ON (closed). 

While SFRA is 1, the spindle motor rotates counterclockwise as 

viewed from the shaft side at a specified speed (a positive value). 

While SRVA is 1, the spindle motor rotates clockwise as viewed 

from the shaft side according to the speed command (a positive 

value). 





When SFR = 1 When SRV = 1 


When SFRA is set to 0 or when SRVA is set to 0, the spindle 
motor is stopped by regenerative braking. After the spindle motor 
is stopped, the power element excitation signal is turned off to 
interrupt power supply to the spindle motor. 


NOTE 
If the forward rotation command signal (SFRA) and 


reverse rotation command signal (SRVA) are 
specified at the same time, the spindle status error 
error 14) occurs, and the spindle motor is stopped. 
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(d) Spindle orientation command (ORCMA) 
For details of this signal, see Section 2.2, "POSITION CODER 
METHOD SPINDLE ORIENTATION", in Part I. 


(e) Machine ready signal (MRDYA) 


(1) This signal is used as follows according to the parameter settings: 


Parameter setting 
FS16i : 4001 #0 
FS30i : 4001 #0 
FS15i : 3001 #0 





Description 


The machine ready signal is not used. 
In this case, the spindle motor is made ready 


only by inputting the emergency stop signal. 

The machine ready signal is used so that the 
spindle motor can be made ready by two signals. 
When MRDYA = 0, the excitation signal for the 
power element of the inverter is turned off to 
interrupt power. 














(2) Mode A 
Mode A is used to minimize input signals. 
(3) Mode B 
<1> Ina machine in which the spindle motor is clamped by the 
tool unclamp signal during an orientation operation for 
automatic tool change (ATC), a slight displacement from 
the orientation stop position may increase the load meter 
indication, allowing a large motor current to flow. 
To prevent this, set MRDYA to 0 to release the orientation 
state while the tool unclamp state is present. At the end of 
the tool unclamp state, setting MRDYA to | can restore the 
orientation state. 
<2> In the application explained <1> above, if the orientation 
command signal ORCMA is kept 1, setting MRDYA to 0/1 
causes a movement just by the amount of the displacement 
from the stop position, so another one-rotation operation 
and orientation operation need not be performed. 


Timing chart (mode B) 





1 


Orientation 0 
command ORCMA 
Orientation completion 29 


signal ORARA ‘ Detach Mount 
© © Move O new 


tool 


/ Turn off excitation 







©) Leaving 
OFF 








Tool change operation 









Hold tool 







Spindle unclamp OFF 
Machine ready 
signal MRDYA 





1 
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(f) Spindle alarm reset signal (ARSTA) 


(1) After the cause of an alarm such as a motor overheat, excessively 
large velocity error, over speed, and overload is removed, 
inputting this alarm reset signal releases the alarm, making the 
spindle usable. 

(2) When no alarm is issued, inputting this signal causes nothing. 

(3) Alarms detected in the common power supply (PS) and part of 
spindle alarms (such as overcurrent) cannot be released by this 
signal. (The power must be turned off once.) 

(4) Ifa spindle alarm is issued, cancel the spindle commands (such 
as the speed command, forward/reverse rotation commands, 
orientation command, and operation mode command), then reset 
the alarm. 


Spindle alarm signal 
(ALM) 
Spindle commands 
(such as speed command, 
forward/reverse rotation commands, 


orientation command, and operation 
mode command) 


Spindle alarm reset signal 


(ARST) ———————————S 


NOTE 
With the following series and editions, the alarm 
reset signal is valid only in the velocity control 
mode (in other modes, inputting the alarm reset 


signal does not release the alarm): 
9D50 series P (16) edition or later 
9D70 series G (07) edition or later 
9D80 series A (01) edition or later 





(g) Emergency stop signal (*ESPA) 

(1) When *ESPA = 1, the spindle motor and spindle amplifier 
become ready for operation. When *ESPA = 0, the spindle 
amplifier outputs to the common power supply (PS) a signal for 
turning off the MCC, and the spindle motor does not operate. 

(2) As soon as *ESPA is set to 0 during motor rotation, the spindle 
motor decelerates and stops. After the spindle motor stops, a 
signal for turning off the MCC is output. 

(3) When *ESPA is set to 1 again, the spindle motor becomes ready 
for rotation, so the spindle motor will start rotating as soon as a 
rotation command is issued. Therefore, when inputting the 
emergency stop signal, reset the command signals (speed 
command, forward and reverse rotation commands) to the 
spindle amplifier at the same time. 

(4) This signal (*ESP) and the emergency stop signal (connector 
CX4) of the common power supply (PS) function as signals 
having the same meaning for the spindle amplifier (SP). 
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(h) Spindle switching request signal (SPSLA), magnetic contactor status 
signal for the sub-spindle motor (MCFNA), and magnetic contactor status 
signal for the main spindle motor (MFNHGA) 

For details of these signals, see Section 5.2, "SPINDLE SWITCHING 
CONTROL", in Part I. 


(i) Soft start/stop signal (SOCNA) 

(1) When the soft start/stop signal is set to 1, the soft start/stop 
function is enabled, which allows the speed command change 
rate at acceleration/deceleration to be set as shown below. 

Soft start/stop enabled 


1 


Soft start/stop signal auf hes = Ses 
External speed command er 
: : 
| . ‘ 
Spindle amplifier internal 
speed command : | 
\ 


(2) The soft start/stop function is valid in the velocity control mode. 

(3) When emergency stop signal *ESPA or machine ready signal 
MRDYA is set to 0, the soft start/stop function is disabled 
automatically. 


NOTE 
With the following series and editions, setting bit 2 
of parameter No. 4399 to 1 enables the function 
even when *ESPA = 0 or MRDYA = 0: 


9D50 series O (15) edition or later 
9D53 series G (07) edition or later 
9D70 series F (06) edition or later 
9D80 series A (01) edition or later 





(4) The speed command change rate is set in parameter No. 4030. 
When 0 is set in the parameter, the soft start/stop function is 
disabled. 
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(5) When the rate of the change in acceleration command (parameter 

No. 4508) is set, a quadratic function type speed command can 
be given in the spindle amplifier (quadratic function type soft 
start/stop function). 
Use this function when you want to reduce the shock due to a 
change in speed specified at the start of acceleration/deceleration. 
In this case, the internal speed command of the spindle amplifier 
changes as follows: 


External soeed command 





Internal speed command 
of spindle amplifier 





NOTE 
The quadratic function type soft start/stop function 


can be used with 9D50 series G (07) edition or 
later, 9070 series A (01) edition or later, and 9D80 
series A (01) edition or later. 





(j) Velocity integral control signal (INTGA) 

(1) When spindle position control (spindle orientation control, 
spindle positioning control, Cs contour control, and so on) is 
performed, the spindle is sometimes clamped by the brake or the 
like. If the spindle is kept clamped with a minute position error, 
velocity integral control may allow an excessively large current 
to flow into the motor, attempting to eliminate the position error 
to zero. 

In such a case, use of this signal disables velocity integral control 
to prevent an excessively large current from flowing into the 
motor even when a minute position error occurs. 


Spindle position | 


Spindle clamping 


Velocity integral control | | 
sianal INTGA 
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(2) Also when two spindles are used to hold a workpiece in spindle 
synchronous control, a minute synchronous error generated at the 
time of the hold operation may cause velocity integral control to 
attempt to eliminate the error to zero, and as a result, an 
excessively large current may flow into the motor. 

In this case, this signal can be used to disable velocity integral 
control and prevent an excessively large current from flowing 
into the motor even when a minute synchronous error occurs. 


Spindle synchronous ee en ore by 


control two spindles 


Holding workpiece by Chuck closed 
two spindles (chuck : 


closed) “ ; 
Speed integral control 
signal INTGA ———_—____ 


(k) Speed range switching request signal (RSLA), magnetic contactor status 
signal for low-speed characteristics (RCHA), and magnetic contactor 


status signal for high-speed characteristics (RCHHGA) 
For details of these signals, see Section 5.1, "SPEED RANGE 
SWITCHING CONTROL", in Part I. 





(Il) Orientation stop position change command (INDXA), rotation direction 
command at orientation stop position change (ROTAA), shortcut 
command at orientation stop position change (NRROA), and incremental 
command (INCMDA) 

For details of these signals, see Section 2.2, "POSITION CODER 
METHOD SPINDLE ORIENTATION", in Part I and Section 5.3, 
"INCREMENTAL COMMAND TYPE SPINDLE ORIENTATION", 
in Part I. 


(m) Spindle analog override command (OVRA) 

(1) In the velocity control mode, the speed command can be 
overridden with the voltage externally applied to the spindle 
amplifier directly in an analog form. 

(2) The analog override function is valid when this signal is 1. The 
function is valid only in the velocity control mode (including the 
soft start/stop function). 

(3) The upper limit (100% or 120%) of analog override is 
parameter-set as follows: 

Parameter No. 

FS15i | FS16i | FS30i 





Description 





Sets the input range of spindle analog override. 
3006 #5 |4006 #5 |4006 #5 |9 : 0 to 100% 
1:0 to 120% 
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The upper limit of analog override input voltages is +4.5 V. 
When the speed command value obtained by multiplication by 
the override value exceeds the parameter-set maximum speed, 
the speed is clamped at the maximum speed. 
(4) The override type is parameter-set as follows: 
Parameter No. 
FS15i | FS16i | FS30i 





Description 


Sets the override type. 


3009 #6 |4009 #6 14009 #6 0: Linear function type override 
1: Quadratic function type override 





<1> Linear function type override 
The override value actually used corresponds to the input 
override value on a one-to-one basis. 
OVRour = OVRy 


<2> Quadratic function type override 
The override value actually used corresponds to the input 
override value in the quadratic function manner. 
When compared with the linear function type, the quadratic 
function type has rougher speed resolution for the input 
override in the high-speed region and has a finer speed 
resolution in the low-speed region. 


OVRiy ) 


OVR =OVR —— 
OUT MAX * OVRisx 


[%] 
TOG CL2O): sar cChsat ese iG a ote ctcaad tol cage 


Output 

override 
50 (60) eee eaten rate nerececes ‘ 

OVRout 





0 50 100 [%] 
(60) (120) 
Input override OVRw 


(5) The following shows the system configuration when attention is 
focused on the analog override function: 


Override analog 
input 














Machine 
operator's 
panel 












Override enable/ 
disable signal 


Spindle 
amplifier 


Speed 





Override 


PMC 
ladder Speed command value 
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(6) The analog override input is connected as shown in the figure 
below. The input voltage equivalent to the upper override limit 
(100% or 120%) to OVR2 is 4.5 V. Override values are set in 
steps of 1%. 


ae TE, at 


Reference voltage 
Analog input 
OV 


Reference voltage output 
value 4.75+0.25V 





(Spindle amplifier) Shield wire (Machine operator's panel) 


Use resistors so that the total resistance of VR and R1 ranges from 2 

KQ to 10 KQ. 

(7) Because the hysteresis characteristic is provided to prevent 
override fluctuation, an override of 0% is not set even when the 
input voltage is 0 V. 

(8) When a signal for enabling or disabling the status of the analog 
override function is issued, or the setting of the upper override 
limit parameter is changed, the motor speed may change largely. 
So, before changing the status or setting, stop the motor. 


(n) Motor power turn-off signal (MPOFA) 


(1) When an abnormality occurs during spindle synchronous control 
or during machining with a machine such as a gear machining 
tool, this signal is used to immediately turn off the power to the 
spindle motor and allow the motor to run freely. 

(2) This signal turns off the motor power only. 

(3) The motor power can be supplied again after the motor is 
stopped (zero speed signal SSTA = 1). Even when this signal is 
canceled, the power cannot be supplied while the motor is 
rotating (SSTA = 0). 

(4) After turning off the motor power, cancel all operation modes to 

ensure safety. After the motor is stopped (SSTA = 1), specify 
operation modes again. 
When the power is turned off during position control, the 
position control operation is performed continuously, so an alarm 
such as an alarm due to an excessively large position error may 
be issued. 


Operation mode examples: 

- Forward rotation command (SFRA) 

- Reverse rotation command (SRVA) 

- Spindle orientation (ORCMA) 

- Rigid tapping (RGTP, RGTAP) 

- Spindle synchronous control (SPSYC, SPPHS) 

- Spindle positioning 

- Cs contour control (CON, SCNTR1, SCNTR2, and so on) 
- Speed difference mode (DEFMDA) 
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(5) 


Motor speed 


Motor power 


Zero speed detection 
signal SSTA 


Motor power turn-off 
signal MPOFA 


Sample sequence 


~<—Free running —» 





on 
va 


= 


Operation mode SFRA, 0 eee 


etc. 


(6) 


‘4 

\ 
ON Se a 
OFF 


If bit 2 of parameter No. 4009 is set to 1, the motor power can be 
turned off immediately when spindle alarm 24 (serial transfer 
data error) occurs. Normally, when spindle alarm 24 occurs, the 
spindle motor is decelerated then stopped. 


(0) Synchronous orientation request command (SORSLA) 
For details of this signal, see Section 5.5, "SPINDLE ORIENTATION 
DURING SPINDLE SYNCHRONIZATION CONTROL", in Part I. 


(p) Disconnection detection disable signal (DSCNA) 


(1) 


(2) 


(3) 


(4) 


This signal is used when the connection between the spindle 
amplifier and spindle motor needs to be disconnected 
temporarily. 


Position coder 








Power line 


When this signal is used to detach the feedback signal, motor 
overheat and the issuance of a feedback signal disconnection 
alarm can be prevented. 

A motor excitation OFF state confirmation signal (EXOFA) is 
provided to confirm that the motor is not excited before the 
connected power line is detached. 

Before setting this signal to | and disconnecting the feedback 
signals and power line, set all the SFRA, SRVA, ORCMA, 
MRDYA, and *ESPA commands to 0, and confirm that the 
motor excitation OFF state confirmation signal (EXOFA) has 
been set to 1. After completing re-connection, reset this signal to 
0. 
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(5) Sample sequence 


Motor speed 





0 min" 
SFRA,SRVA,ORCMA, 1 
MRDYA,*ESPA 

1 
SSTA 

0 

1 
EXOFA 

0 

1 
DSCNA 

0 








: Disconnection 
Connection 


4 Disconnected 
status Connection S 


(q) Differential soeed mode command signal (DEFMDA) 


For details of this signal, see Section 5.9, "DIFFERENTIAL 
SPINDLE SPEED CONTROL" in Part I. 


(r) Tandem operation command (SLVA) 


For details of this signal, see Section 5.11, "TORQUE TANDEM 
CONTROL FUNCTION" in Part I. 
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3.2 


3.2.1 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


FANUC AC SPINDLE MOTOR «ai series 


FANUC BUILT-IN SPINDLE MOTOR Bil series 


OUTPUT SIGNALS (SP->CNC->PMC) 


This section describes the functions of the signals directly input from 
the PMC to spindle amplifier (SP) via the CNC and also describes the 
signal addresses of the first spindle and second spindle. For other 
spindle-related output signals, refer to the Connection Manual 


(Function) of the relevant CNC. 


(a) 


(b) 


(d) 


For Series 167/187/211 

“FANUC Series 167/18i/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Chapter 9, “SPINDLE SPEED FUNCTION.” 
For Series 3031/3 11/321 

“FANUC Series 3017/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Chapter 11, “SPINDLE SPEED FUNCTION.” 
For Series 151 

“FANUC Series 151-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.7, “SPINDLE SPEED FUNCTION.” 
For Series 0 

“FANUC Series 0i- MODEL C 

CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Chapter 9, “SPINDLE SPEED FUNCTION.” 


List of Output Signals 


151 
F229 
F245 


F228 
F244 


F231 
F247 


F230 
F246 


161 
F045 
F049 


F046 
F050 


F047 
F051 


F048 
F052 


30: 
F045 
F049 


F046 
F050 


F047 
F051 


F048 
F052 













| | esrens] | | | 


#7 #6 #5 #4 #3 #2 #1 #0 
[oRARA] TuMA [uov2a | woria | sara | sota | esta | aLma | 


|__| [stvsa [Trorwa [ronra | orwa [ one | 
|_| [awwse Troewe [ronra | crive | one | 


| | | exora |sorenal | ncsta [poipta 
| | | exore Jsorens] [nests [rctors: 


| | | esrewa} | 
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Symbol 


FANUC AC SPINDLE MOTOR ai series 


FANUC BUILT-IN SPINDLE MOTOR Bil series 


3.1/0 SIGNALS (CNC < PMC 


Explanation of Output Signals 


Alarm signal 


Description 
This signal is output when a spindle alarm is issued. 
0: Normal state 
1: Alarm state 





Zero speed detection 
signal 


This signal is output when the actual rotation speed of the spindle motor has 
decreased to the zero speed detection level or lower. 

0: Rotating 

1: Zero speed state 





Speed detection signal 


This signal is output when the actual rotation speed of the spindle motor has 
decreased to a predetermined rotation speed or lower. 

0: Above predetermined speed 

1: Predetermined speed or lower 





Speed arrival signal 


This signal is output when the actual rotation speed of the spindle motor has 
achieved a predetermined range for a speed command. 

0: Speed not achieved 

1: Speed achieved 





Load detection signal 1 





Load detection signal 2 


These signals are output when load at a set load detection level or higher is 
detected. Different levels can be set for LDT1A and LDT2A. 

0: Lower than the set load 

1: Set load or higher 





Torque limitation 
in-progress signal 


This signal is output when the torque is being limited by the TLMLA or TLMHA 
signal. 

0: Torque not being limited 

1: Torque being limited 





Orientation completion 
signal 


This signal is output when the spindle stops in the neighborhood of a 
predetermined position after an orientation command is input. 

0: Orientation not completed 

1: Orientation completed 





Power line switching 
signal 


This signal is used in spindle switching control. 
0: Selects the MCC on the main spindle motor side. 
1: Selects the MCC on the sub-spindle motor side. 





Spindle switching 
completion signal 


This signal is used in spindle switching control. 
0: Controls the main spindle motor. 
1: Controls the sub-spindle motor. 





Power line switching 
signal 


This signal is used in speed range switching control. 
0: Selects the MCC on the high-speed range characteristics side. 
1: Selects the MCC on the low-speed range characteristics side. 





Output switching 
completion signal 


This signal is used in speed range switching control. 
0: Control with high-speed range characteristics 
1: Control with low-speed range characteristics 





Position coder 
one-rotation signal 
detection state signal 


This signal is used to confirm whether the position coder one-rotation signal is 
detected or not. 

0: Position coder one-rotation signal not detected 

1: Position coder one-rotation signal detected 





Incremental orientation 
signal 


This signal is used to confirm whether incremental spindle orientation is being 
performed or not. 

0: Incremental spindle orientation is not in progress. 

1: Incremental spindle orientation is in progress. 








Synchronous 
orientation enable 
signal 





This signal is used to confirm whether synchronous orientation is enabled or not. 
0: Disables synchronous orientation. 
1: Enables synchronous orientation. 
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Description 
This signal is used to confirm whether motor excitation is off. 
0: Motor excitation is in progress. 
1: Motor excitation is off. 
This signal is used with the spindle tandem function. 
0: Tandem operation is not in progress. 
1: Tandem operation is in progress. 
This signal is used to indicate whether Cs axis coordinate establishment 
processing is possible. 
0: Coordinate establishment processing is impossible (with a reference position 
not established). 
: Coordinate establishment processing is possible (with a reference position 
established). 


Motor excitation off 
state signal 





Tandem operation state 
signal 





Cs reference position 
establishment state 
signal 
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Details of Output Signals 


(a) Spindle alarm signal (ALMA) 


(1) When continuation of spindle motor operation becomes 
impossible, the power to the spindle motor is turned off to stop 
the spindle motor. 

(2) At the same time, alarm signal ALMA is set to 1. For the 
meaning of the alarm, check the indicator of the spindle 
amplifier. 

(3) Use the alarm signal output to reset the command signals sent to 
the spindle amplifier (speed command, forward and reverse 
rotation commands, spindle orientation command, operation 
mode command and so on). Unless the reset state has been 
entered (the signals issued from the PMC have been all cleared), 
the spindle motor may rotate when the alarm on the spindle 
amplifier is released, which presents a dangerous situation. 

(4) At the same time when the alarm signal is output, the power to 
the spindle motor is turned off, and the spindle motor coasts. 
Therefore, it is necessary to enter the feed hold state by setting 
the emergency stop state on the CNC or power magnetics 
cabinet. 

(5) When the alarm state is entered, ALMA is set to 1. While the 
alarm signal is 1, the spindle motor is placed in the coast state 
regardless of external commands. 

(6) The following diagram shows the relationship between the alarm 
signal and alarm reset signal: 


Spindle control commands Various operation modes Speed control mode 
- Speed command : Sxxxx « ' > 
- Forward rotation command : SFRA i 
- Reverse rotation command : SRVA 
- Spindle orientation command : ORCMA 
- Operation mode command 
etc. 













Spindle alarm signal (ALMA) 


Spindle alarm reset signal (ARSTA) 





Remove cause 
of alarm 





Motor rotation speed 


Decelerated and 
Stopped 






Not operated even when 
gemmand is issued 
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(b) Zero speed detection signal (SSTA) 
(1) When the actual rotation speed of the spindle motor has 
decreased to the zero speed detection level or lower for a stop 
command, SSTA is set to 1. 





| 4 
h Zero speed detection , 


' range (standard setting} 
| £0.75% of the ' 
maximum speed) 1 


1 
SSTA —— 0 


(2) The zero speed detection point is 0.75% (initial standard setting 
in the parameter) of the maximum speed. For a motor of which 
maximum speed is 6000 min’, for example, the zero speed 
detection point is 45 min’. 

(3) When the above condition is satisfied, this signal is output 
regardless of the rotation command (SFR, SRV). 

(4) The minimum pulse width of this signal is approximately 40 ms. 


(c) Speed detection signal (SDTA) 
(1) When the spindle motor speed has decreased to a parameter-set 
speed level or lower, SDTA is set to 1. 
(2) This signal is used to confirm that the speed has decreased to a 
predetermined speed such as a clutch changeable speed or gear 
changeable speed. 







Motor 


Speed detection 
speed 
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(3) This signal is output regardless of the rotation command (SFR, 


SRV). 

<Reference> Gear shift sequence 

In CNC machine tools, gear shift, which is one of sequence 
controls, causes a shift of the gear section of a spindle, which is 
an important component of a machine. In this case, to perform 
gear change safely, it is necessary to confirm that the spindle 
motor is rotated at a low speed. 

A sample gear shift sequence using the speed detection signal 
(gear change enable signal) is given below. Please use this 
sample as a reference material when designing gear shift power 
magnetics sequence. 


(Sequence) (Confirmation signal) 


Gear shift command 


Spindle motor low-speed rotation command 


Speed detection signal 
Confirm speed SDTA = 1 (or zero speed 
signal SSTA = 1) 


Move shifter 


Gear shift end 


il 


To perform a gear change safely, confirm that the spindle motor 
speed is low by using the speed detection signal before moving 
the shifter. When the zero speed signal is also used, duplicate 
checking for safety can be made. 
(Why the confirmation is required) If the shifter moves while the 
spindle motor rotates, the gear is damaged. 
Spindle motor 
speed 


Motor speed 
range allowing 
gear change 














Omin™ 
Spindle motor 
speed (low 
Shifter speed) at gear 
hift 
moeraent Gear shift en 
completed 
1 
0 1 


Speed detection signa \ 
SDTA (gear change enable 
signal) 





Zero speed detection signal SSTA 
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(d) Speed arrival signal (SARA) 


(1) When the actual rotation speed of the spindle motor has reached 
a predetermined range for a speed command, SARA is set to 1. 


Detection range (see (2) and (3)) 


Specified ____2 i Foe a 
speed sie 








Motor 
speed ' 
1 1 ! 
SARA _ Vid aa 
Specified 








speed 2 


Specified 


speed1 ~~" 7777 Detection range 


(see (2) and (3)) 
Motor 


speed 


(2) The setting range is +1 to 100% of a specified speed. When a 
speed not higher than 10% of the maximum rotation speed is 
specified, however, the detection range is wider than the set 
range. 

(3) The standard setting is +15%. The detection range of this speed 
arrival signal widens for low speeds as shown below. 


40 23%(at 80min") 
20 


3& peads jo (%) a6ues uoIND9}90qG 
S 
So 


— 
~ 


°'333 1000 min”! 


Speed command 


(4) This signal is output when SFRA or SRVA is set to 1. 
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(5) This signal can be used to control reverse rotation in a tapping 
cycle as follows: 


SFRA (forward command) FIN 







Note) There is a delay 


t= 40ms of t, until the 
OFF SARA signal is 
set to 0. 


a oe 


4 ~ Zero speed detection range 


Reverse rotation 


Speed arrival tt 

detection - | 
When a reserve rotation command is issued, the spindle motor 
starts decelerating, and 40 ms later the arrival signal is set to 0. 
Then, after the speed reaches zero, the speed arrival signal being 
set to 1 is detected. This completes the reverse spindle rotation 
command. 


(6) This signal is used as a confirmation signal (FIN signal) for 
forward rotation (M03) and reverse rotation (M04) commands. 
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(e) Load detection signals (LDT1A, LDT2A) 

(1) When the maximum output level (10 V) of the load meter (LM) 
is assumed to be 100%, the load detection signal is set to 1 if the 
load meter output indicates a parameter-set value (%) or greater. 

(2) Two different levels (LDTIA and LDT2A) can be set. 

(3) These signals are used in PMC control. For example, to prevent 
the spindle from stopping when a cutting overload is applied to 
the spindle during cutting, these signals are used to decrease the 
feedrate or stop the feedrate. 

(4) An application example is given below. 

In the following example, two load detection levels are set for 
control: 


LDT2A level : 
LDT1A level errtttereteeeeeete street ee eee ttnnt eres eney [otis caceaete Mobes iia chad fats dona talecud ahwniyee bbab heures 





Load meter output 3 | 
T ; ‘i 


Cutting started : Spindle stopped 


Decrease feedrate here 


ea ae fk ee Oe 
LDT2A OOO t 


Stop feed motor here 


(5) The above shows an example of control using two levels. When 
the feed motor is to be stopped immediately by using just one 
level, control must be provided according to the machine 
specification. 

(6) These signals are not output in 10 seconds (set in parameter No. 
4082) after the status of the speed command signal changes. 


(f) Torque limitation in-progress signal (TLMA) 
For details of this signal, see Subsection 3.2.2, "Explanation of Output 
Signals", in Part I. 


(g) Orientation completion signal (ORARA) 


For details of this signal, see Section 2.2, "POSITION CODER 
METHOD SPINDLE ORIENTATION", in Part I. 
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(h) Power line switching signal (CHPA) and spindle switching completion 
signal (CFINA) 
For details of these signals, see Section 5.2, "SPINDLE SWITCHING 
CONTROL", in Part I. 


(i) Power line switching signal (RCHPA) and output switching completion 
signal (RCFNA) 
For details of these signals, see Section 5.1, "SPEED RANGE 
SWITCHING CONTROL", in Part I. 


(j) Position coder one-rotation signal detection state signal (PC1DTA) 
For details of this signal, see Subsection 3.2.2, "Explanation of Output 
Signals", in Part I. 


(k) Incremental orientation signal (INCSTA) 
For details of this signal, see Section 5.3, "INCREMENTAL 
COMMAND TYPE SPINDLE ORIENTATION", in Part I. 


(I) Synchronous orientation enable signal (GSORENA) 
For details of this signal, see Section 5.5, "SPINDLE ORIENTATION 
DURING SPINDLE SYNCHRONIZATION CONTROL", in Part I. 


(m) Motor excitation off state signal (EXOFA) 
For details of this signal, see (p), "Disconnection detection disable 
signal", in Subsection 3.1.3 in Part I. 


(n) Tandem operation state signal (SLVSA) 
For details of this signal, see Section 5.11, "TORQUE TANDEM 
CONTROL FUNCTION", in Part I. 


(o) Cs reference position establishment state signal (CSPENA) 
This signal indicates whether coordinate establishment processing is 
possible when the Cs axis coordinate establishment function is used 
with Series 167-MODEL B/Series 30i-MODEL A. 
If reference position return operation is performed in the Cs mode 
when bit 5 of parameter No. 4353 is set to 1, this signal is set to 1 
from 0 to enable coordinate establishment processing. 
This signal is set to 0 when the power is turned off or a spindle alarm 
is issued. 


NOTE 
This signal can be used with 9D50 series G (07) 


edition or later, 9070 series A (01) edition or later, 
and 9D80 series A (01) edition or later. 
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4.1 
4.1.1 


Overview 


4.1.2 


Parameters 


(1) Velocity control mode 


157 167 301 
3040 4040 4040 
3041 4041 4041 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3048 4048 4048 
3049 4049 4049 


Unit of data : 
Valid data range : 
Standard setting value : 


(2) Orientation 


157 167 301 
3042 4042 4042 
3043. 4043 4043 


Unit of data : 
Valid data range : 
Standard setting value : 


FANUC BUILT-IN SPINDLE MOTOR Bil series 


4. ADJUSTMENT 


VELOCITY LOOP GAIN ADJUSTMENT 


Optimum adjustment of the velocity loop gain increases the position 
loop gain, therefore significantly enhancing disturbance suppression 
performance, positioning speed and accuracy. So, the adjustment of 
the velocity loop gain is very important in servo adjustments, and it 
should be performed first. This section explains the parameters for 
velocity loop gain adjustment and the adjustment procedure. 


There are five operation modes in spindle control: velocity control 
mode, orientation, servo mode (rigid tapping and spindle positioning), 
spindle synchronous control, and Cs contour control. There are 
parameters corresponding to each operation mode and to the 
clutch/gear signals (CTHIA and CTH2A). The following shows the 
parameters for each operation mode. 


Velocity loop proportional gain on velocity control mode (HIGH) CTH1A=0 
1 





Velocity loop proportional gain on velocity control mode (LOW) CTH1A= 


0 to 32767 
10 


Velocity loop integral gain on velocity control mode (HIGH) CTH1A=0 
1 





Velocity loop integral gain on velocity control mode (LOW) CTH1A= 


0 to 32767 
10 


Velocity loop proportional gain on orientation (HIGH) CTH1A=0 
1 





Velocity loop proportional gain on orientation (LOW) CTH1A= 


0 to 32767 
10 
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157 167 301 
3050 4050 4050 
3051 4051 4051 


Unit of data : 
Valid data range : 
Standard setting value : 


Velocity loop integral gain on orientation (HIGH) CTH1A=0 
1 





Velocity loop integral gain on orientation (LOW) CTH1A= 


0 to 32767 
10 


(3) Servo mode (Rigid tapping and spindle positioning) 


151 161 30: 
3044 4044 4044 
3045 4045 4045 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3052 4052 4052 
3052 4052 4052 


Unit of data : 

Unit of data : 

Valid data range : 
Standard setting value : 


Velocity loop proportional gain on servo mode (HIGH) CTH1A=0 
1 


Velocity loop proportional gain on servo mode (LOW) CTH1A= 





0 to 32767 
10 


Velocity loop integral gain on servo mode (HIGH) CTH1A=0 


Velocity loop integral gain on servo mode (LOW) CTH1A=1 


0 to 32767 
10 


(4) Spindle synchronous control 


16i 303 
4044 4044 
4045 4045 


Unit of data : 
Valid data range : 
Standard setting value : 


161 301 
4052 4052 
4053 4053 


Unit of data : 
Valid data range : 
Standard setting value : 


Velocity loop proportional gain on spindle synchronous control (HIGH)CTH1A=0 
1 





Velocity loop proportional gain on spindle synchronous control (LOW) CTH1A= 


0 to 32767 
10 


Velocity loop integral gain on spindle synchronous control (HIGH) CTH1A=0 


Velocity loop integral gain on spindle synchronous control (LOW) CTH1A=1 





0 to 32767 
10 


NOTE 
For the velocity loop gain on spindle synchronous 


control and on the servo mode, common parameters 
are used. 
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(5) Cs contour control 


157 167 301 


3046 4046 4046 Velocity loop proportional gain on Cs contouring control (HIGH) CTH1A=0 
3047 4047 = 4047 Velocity loop proportional gain on Cs contouring control (LOW) CTH1A=1 


Unit of data : 
Valid data range: 0 to 32767 
Standard setting value: 30 





157 167 301 


3054 4054 = 4054 Velocity loop integral gain in Cs contouring control (HIGH) CTH1A=0 
3055 4055 4055 Velocity loop integral gain in Cs contouring control (LOW) CTH1A=1 


Unit of data : 
Valid data range: 0 to 32767 
Standard setting value: 50 
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4.1.3 | Adjustment Procedure 


(1) Start of each operation mode 

In preparation for the adjustment, settings must be made so that a 
stable operation takes place in each mode without overshoot or 
oscillation. 

See Chapter 2, "EXPLANATION OF OPERATION MODES", 
temporarily set parameters (acceleration/deceleration time constant, 
position gain, and so on) to make operations stable in each operation 
mode, and confirm operations. 


NOTE 
When a motor with a large torque-to-inertia ratio (for 
example, low-speed winding of a motor with an 
speed range switching function) is used, or when the 


rigidity of the spindle is low, the standard setting of 
the velocity loop gain may be so high that oscillation 
can occur. In such a case, decrease the velocity loop 





(2) Adjustment 
When adjusting the velocity loop gain, check the operation mode and 
clutch/gear signal, and modify corresponding parameters. Follow the 
steps below to adjust the parameters: 


<1> Determining the oscillation limit 
Basically, determine the oscillation limit based on torque 
commands, position errors, vibration, sound, and so on when the 
motor is stopped (for orientation, after completion of the 
operation) or when the motor rotates at a certain speed not higher 
than the base speed. Normally, increase the proportional gain and 
integral gain settings in steps of about 5; for a motor with a large 
torque-to-inertia ratio, increase these settings in steps of about 2. 
As the settings are increased gradually, the symptoms below start 
to appear at a certain setting level. The settings at this level are 
determined to be the oscillation limit: 
- The machine vibrates or produces large sound. 
- Vibration of a torque command becomes large. 
- Position errors at stop time vary largely. 


NOTE 
The oscillation limit varies with the spindle inertia. In 
a machine in which the inertia varies largely 


according to the tool and workpiece used, 
adjustment must be made in the smallest inertia 
state. 
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<2> 


<3> 


Final settings 

Set proportional gain of approximately 70% of the oscillation 
limit. As the integral gain, the same value as the proportional 
gain is basically set. When increasing the setting, however, make 
an adjustment so that the integral gain is typically about twice or 
five times as high as the proportional gain. 

Elimination of machine resonance 

At the time of velocity loop gain adjustment, the gain cannot 
sometimes be increased because of machine resonance. In such a 
case, the machine resonance elimination function (a torque 
command filter and HRV filter) described in the next section can 
be adjusted to increase the velocity loop gain while avoiding 
machine resonance. See Section 4.2, "MACHINE RESONANCE 
ELIMINATION", and make adjustments as necessary. 


4.1.4 Additional Information (Position Gain Adjustment) 


Although the limit value of the position gain is determined basically 
depending on the velocity loop characteristics, the setting standards 
may vary depending on the operation mode. See Chapter 2, 
"EXPLANATION OF OPERATION MODES", and make 
adjustments accordingly. 
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4.2 MACHINE RESONANCE ELIMINATION 


4.2.1 TCMD Filter 


(1) Overview 
The torque command filter applies a primary low-pass filter to torque 
commands. When the machine system resonates at frequencies as high 
as several hundreds Hz or higher, this function can avoid such 
high-frequency resonance. 


(2) Series and editions of applicable spindle software 
9D50 series A(01) edition or later 
9D70 series A(01) edition or later 
9D80 series A(01) edition or later 


(3) Details 
Fig. 4.2.1 shows a velocity loop configuration including the torque 
command filter. 
When the machine system has a high resonance frequency, the speed 
feedback may include a resonance component, and this component 
may be amplified by the proportional gain (Kp). 
The torque command filter prevents machine resonance by applying a 
primary low-path filter to the proportional of the torque command to 
remove high-frequency components of the torque command. 


Kt/Jm-s 


Motor 


Velocity 
command + 






Fig. 4.2.1 velocity loop configuration including the torque command filter 


(4) Setting parameters 


157 167 301 


3121 4121 4121 Torque command filter time constant 





3157 4157 = 4157 Torque command filter time constant: for low-speed characteristics 


Unit of data: 0.5msec 
Valid data range: 0 to 32767 
Standard setting value: 5 

Basically, use the standard setting value 5 (time constant: 2.5 ms). 
When a value greater than the standard setting value needs to be set, 
make an adjustment and typically set a value not greater than 15. 
When a value greater than 15 needs to be set, decrease the velocity 
loop gain. 
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4.2.2 HRV Filter 


(1) Overview 
The HRV filter can attenuate signals which are in certain frequency 
band. When a strong resonance point is present in an area not lower 
than 200 Hz, and it is impossible to increase the velocity loop gain, 
the velocity loop gain can be increased by using this filter. 


NOTE 
For machines in which the rigidity of the part 
connecting the spindle and motor is considered to 


change with time, or for machines whose spindle 
inertia changes largely depending on the tool or 
workpiece used, do not use the HRV filter. 





(2) Series and editions of applicable spindle software 
9D50 series E(05) edition or later 
9D70 series A(01) edition or later 
9D80 series A(01) edition or later 


(3) Details 
Fig. 4.2.2 shows the HRV filter configuration. 
The HRV filter is applied to the proportional (the value immediately 
after the torque command filter in Fig. 4.2.1) of the torque command 
after the command is passed through the torque command filter. The 
HRV filter attenuates signals in a set frequency band to avoid machine 
resonance. 
Four filter stages in total can be applied. For each stage, filter 
characteristics are set by using three parameters including the center 
frequency, band width, and damping. 


Torque command 
(proportional) 


To motor 





Torque 
command 
HRV filter (integral term) 





Fig.4.2.2 (a) HRV filter configuration 
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(4) Setting parameters 


157 
3391 
3392 
3393 


157 
3416 
3417 
3418 


157 
3419 
3420 
3421 


157 
3422 
3423 
3424 


Attenuation center frequency : 
Unit of data : 

Valid data range : 
Standard setting value : 


Attenuation bandwidth : 
Unit of data : 

Valid data range : 
Standard setting value : 


167 
4391 
4392 
4393 


16i 
4416 
4417 
4418 


16i 
4419 
4420 
4421 


16i 
4422 
4423 
4424 


Damping : 
Unit of data : 
Valid data range : 
Standard setting value : 


301 
4391 
4392 
4393 


30i 
4416 
4417 
4418 


30i 
4419 
4420 
4421 


30i 
4422 
4423 
4424 


HRV filter 1 - attenuation bandwidth 


HRV filter 1 - attenuation center frequency 
HRV filter 1 - damping 


HRV filter 2 - attenuation center frequency 
HRV filter 2 - attenuation bandwidth 
HRV filter 2 - damping 


HRV filter 3 - attenuation center frequency 
HRV filter 3 - attenuation bandwidth 
HRV filter 3 - damping 


HRV filter 4 - attenuation bandwidth 


HRV filter 4 - attenuation center frequency 
HRV filter 4 - damping 





1Hz 
96 to 3000 
0 


1Hz 
10 to 3000 
0 


1% 

0 to 100 

0 

For each filter stage, set three parameters including the attenuation 
center frequency, attenuation bandwidth, and damping. When a filter 
stage is not to be used, set 0 (standard setting) in all the three 
parameters. 
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The disturbance input function (see Subsection 4.2.3) is used for 
adjustment. After increasing the velocity loop gain until oscillation 
disappears, use the disturbance input function to observe the 
frequency (FNCFRQ) and gain (TFUNCG: ratio of the amplitude of 
the torque command before disturbance application to the amplitude 
of the disturbance torque command). When there is strong resonance, 
the gain near the resonance point increases abruptly. So, set the 
frequency around the peak as the attenuation center frequency, and 
adjust the attenuation bandwidth and damping. To minimize 
influences on other bands, make adjustments and set an attenuation 
bandwidth value as small as possible and a damping value as large as 
possible. 

An example for adjusting the HRV filter using the disturbance input 
function is given below. 

A spindle check board and oscilloscope are required for the 
adjustment. 














CH1: Frequency of a disturbance 
torque command 
(167.0.0.1, 64Hz/div) 


Resonance point : 550Hz 


CH2:Gain 
(168.7.0.1, 50%/div) 




















Fig.4.2.2 (b) Before application of the HRV filter 


CH1: Frequency of a disturbance 
torque command 
(167.0.0.1,64HZ/div) 


CH2:Gain 
(168.7.0.1,50%/div) 








Fig.4.2.2 (c) After application of the HRV filter 


(Attenuation center frequency = 550Hz, attenuation bandwidth = 40Hz, damping = 0%) 


* — Adjustment without the disturbance input function 
When adjusting the HRV filter without the disturbance input 
function, increase the velocity loop gain until oscillation occurs, 
observe the vibration of a torque command, set its frequency as 
the attenuation center frequency, and adjust the attenuation 
bandwidth and damping. 
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(6) Additional information (cautions) 
When the HRV filter is used, inappropriate parameter setting may 
make velocity loop control unstable, resulting in abnormal oscillation 
by a torque command. There is a high possibility that velocity loop 
control becomes unstable when a “low” center frequency, “high” 
bandwidth, and “small” damping coefficient are set. 


1. 


The motor may accelerate to a speed higher than the specified 
one with an acceleration/deceleration function depending on the 
degree of oscillation. Before using the HRV filter, fully consider 
the following points and adjust the parameters: 

The use of the HRV filter is allowed when the center frequency 
is 200 Hz or higher. 

The standard attenuation bandwith is up to 30% of the center 
frequency. Set as small a value as possible. 

Set as large a damping coefficient as possible. 

When the center frequency of machine resonance is 200 Hz or 
lower, adjust the parameters with observing the instructions 
described in items (2) and (3) while checking that no torque 
command causes abnormal oscillation. 

When you do not use the HRV filter, set all three parameters 
(attenuation center frequency, attenuation bandwidth, and 
damping) for HRV filters 1 to 4 to “0.” 
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4.2.3 Disturbance Input Function 


(1) Overview 
This function is used to measure the gain of the frequency response of 
a torque command to a disturbance torque command by applying the 
disturbance torque command in form of a sine wave to the torque 
command. 
With this function, the HRV filter can be adjusted easily. 


(2) Series and editions of applicable spindle software 
9D50 series E(05) edition or later 
9D70 series A(01) edition or later 
9D80 series A(01) edition or later 


(3) Details 
Fig. 4.2.3 (a) shows the configuration of the disturbance input 
function. 
A disturbance torque command (DTQCMD) in form of a sine wave is 
applied to the torque command (TQCMDB), which is the output of the 
velocity loop controller (including filtering), and the input frequency 
is increased step by step. While the frequency of the disturbance 
torque command is being increased, the frequency and the ratio of the 
amplitude of the torque command to the amplitude of the disturbance 
torque command (TQCMDB/DTQCMD) (the gain) are observed 
simultaneously. By doing this, the gain of the frequency response of 
the torque command to the disturbance torque command can be 
measured. 
If there is strong resonance, an abrupt increase in the gain is observed 
near the resonance frequency. So, by observing this phenomenon, the 
HRV filter can be adjusted easily. 


Disturbance 


DTQCMD 
Velocity 


Velocity loop * . 
command + 
controller O Kt/Jm-s 
Torque 
. TQCMDF 


command 
Motor 












TQCMDB 






Speed feedback 





Fig.4.2.3 (a) Configuration of the disturbance input function 
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(4) Setting parameters 


151 161 30: 
3395 4395 4395 


DTQFNC 


DTQTRG 


151 167 301 
3410 4410 4410 


Unit of data : 
Valid data range : 
Standard setting value : 


151 167 301 
3411. 4411 4411 


Unit of data : 
Valid data range : 
Standard setting value : 


151 167 30 
3412 4412 4412 


Unit of data : 
Valid data range : 
Standard setting value : 


FANUC BUILT-IN SPINDLE MOTOR Bil series 


B-65280EN/06 


#7 #6 #5 #4 #3 #2 #1 #0 
orarnc|prarrc] | | | | 


Disturbance input function bit 

0: Disables the disturbance input function. 

1: Enables the disturbance input function. 

This bit is valid only when SO is specified in the velocity control mode. 
If this bit is set to 1 under conditions other than the above, the spindle 
amplifier results in a status error (error No. 32), and the excitation of 
the spindle motor is turned off. 


Disturbance input function bit 

When this bit is set to ON (0 > 1) while excitation is ON (SFR = | or 
SRV = 1), a measurement starts. When this bit is set to OFF during 
measurement, the measurement is stopped in the middle. 


Measurement start frequency 


1Hz 

0 to 2000 

0 

Set the frequency at which measurements are to start. 
When 0 is set, 10 Hz is assumed. 


Measurement end frequency 


1Hz 

0 to 2000 

0 

Set the frequency at which measurements are to end. 
When 0 is set, 500 Hz is assumed. 


Measurement frequency interval 


1Hz 

0 to 20 

0 

Set the interval of measurement frequencies. 
When 0 is set, 5 Hz is assumed. 
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151 167 301 
3413 4413 4413 


Unit of data : 
Valid data range : 
Standard setting value : 


151 161 ~—- 30 
3414 4414 4414 


Unit of data : 
Valid data range : 
Standard setting value : 


151 167 301 
3415 4415 4415 


Unit of data : 


Valid data range : 
Standard setting value : 


151 167 301 
3030 4030 4030 


Unit of data : 


Valid data range : 
Standard setting value : 


FANUC BUILT-IN SPINDLE MOTOR Bil series 


4. ADJUSTMENT 


Number of measurement times per frequency 


Set the number of times a measurement is made per frequency. 
When 0 is set, five times are assumed. 
Normally, set 0. 


Disturbance torque command amplitude 


1% (100% = maximum torque command) 
0 to 50 


oO 


Set the amplitude of the disturbance torque command. 
When 0 is set, 5% is assumed. 
Normally, set 0. 


Motor speed command at measurement time 


Imin™ (Unit of 10min’ when bit 2 (SPDUNT) of parameter No. 4006 


=") 
-32768 to +32767 


Oo 


Set the motor speed command at measurement time. 
The speed is clamped at the maximum speed of the motor. 


Change rate of motor speed command at measurement 


Imin”/sec (Unit of 10min’'/sec when bit 2 (SPDUNT) of parameter 
No. 4006 = 1) 
0 to +32767 


oO 


When a non-zero value is to be set as the motor speed command at 
measurement time, set the change rate of the motor speed command to 
prevent abrupt acceleration/deceleration. 
When the disturbance input function is disabled (DTQFNC = 0), this 
parameter is used as the soft start/stop setting time. So, after the 
measurements, restore the original value. 
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(5) Measurement procedure 


Follow the steps below to make measurements: 
As the operation mode, set the velocity control mode. 
<1> Parameter setting (preparation for measurements) 


<2> 


<3> 


<4> 


<5> 


Basically, only bit setting in parameter No. 4395 needs to be 

performed. 

— Bit 7 (DTQFNC) of parameter No. 4395 = 1, bit 6 
(DTQTRG) = 0 

For other parameters, although default settings may be used, set 

appropriate value as necessary. (When the frequency of the 

resonance point is high, the setting of the measurement end 

frequency must be increased.) 

Issue the SO command and turn on excitation (SFR = 1 or SRV = 

1). 

Setting measurement start trigger DTQTRG to 1= starts 

measurements. 

When a non-zero value is set in the motor speed command at the 

measurement time (parameter No. 4415), the motor accelerates to 

the set speed before measurements start. When measurements 

end, the motor decelerates then stops. 

If one of the following conditions is satisfied during 

measurements, measurements are interrupted, and the motor 

decelerates then stops: 

- The measurement start trigger is turned off. (DTQTRG = 0) 

- Spindle motor excitation is turned off. (SFR = 0, SRV = 0) 

- | Anemergency stop is applied. 

To restart measurements, set measurement start trigger DTQTRG 

to ON (0 > 1). 

In HRV filter adjustment, a measurement and parameter change 

must be repeated. So adjust the filter by repeating the following 

steps: starting measurement (DTQTRG = 1) —> end of 

measurement — DTQTRG = 0 — changing the HRV filter 

parameters —> starting measurement (DTQTRG = 1) and so on. 

After completing measurements (adjustment), turn off motor 

excitation, and reset all the parameters for the disturbance input 

function to 0. 
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(6) Observing data 
The table below shows the setting method for observing measurement 
data on the spindle check board and descriptions of observation data. 
At the time of measurement (adjustment), observe data listed in the 
table by using measuring devices such as the spindle check board and 
an oscilloscope. Fig. 4.2.3 (b) shows an example of data observation 
at the time of measurement. 


Channel| Setting address | Settings Descriptions 
d-05 (data number) FNCFRQ : Frequency of disturbance torque command 
d-06 (shift amount) 
d-07 (shift direction) 
d-08 (offset) 
d-09 (data number) TFUNGG : Ratio of amplitude of TQCMDB to amplitude of DTQCMD (gain) 
d-10 (Shift amount) 
d-11 (shift direction) 
d-12 (offset) 





+128 Hz/+5 V with shift amount 0 
+256 Hz/+5 V with shift amount 1 




















+200 %/+5 V with shift amount 6 








+400 %/+5 V with shift amount 7 
























CH1:FNCFRQ 
(167.0.0.1, 64Hz/div) 


Resonance point : 
600Hz 








_| CH2:TFUNCG 
(168.7.0.1, 50%/div) 











Fig.4.2.3 (b) Example for observing disturbance input function data 


* The data shows that strong resonance is present at about 600 Hz. 
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4.3 AMPLITUDE RATIO/PHASE DIFFERENCE 
COMPENSATION FUNCTION 


(1) Overview 
This function compensates for errors in speed and position detection 
due to the amplitude ratio and phase difference of phase A/B of speed 
and position detection sensors. 
By using this function, improvements in positioning and feed accuracy 
at the time of Cs contour control can be expected. 


(2) Series and editions of applicable spindle software 
9D50 series C(03) edition or later 
9D70 series A(01) edition or later 
9D80 series A(01) edition or later 


(3) Details 
The feedback signals from the aiM, aiMZ, aiBZ , and aiCZ sensors 
are used for speed or position detection in the spindle amplifier, and 
they are two sine wave signals (phase A/B) having the same amplitude 
and a phase difference of 90°. Based on these phase A/B signals, the 
detection circuit of the spindle amplifier generates feedback data used 
for speed and position detection. If the feedback signals are in the 
ideal state (having the same amplitude and a phase difference of 90°), 
accurate feedback data is generated. Actually, however, the amplitude 
and phase difference are slightly deviated from the ideal state. This 
deviation causes a feedback data error, which lowers the accuracy of 
speed and position detection. 
When the feedback data has an error due to the deviation in amplitude 
and phase difference of the feedback signals as described above, this 
function performs compensation of feedback data generation 
processing (interpolation processing) of the detection circuit by setting 
compensation data for the detection circuit to minimize the error. 
Use of this function improves the accuracy in speed and position 
detection. As a result, positioning and feed accuracy can be improved, 
and also improvement in rigidity can be expected because of the 
increase in velocity loop gain and position loop gain. 


NOTE 
This function does not simplify sensor installation 
work by directly performing compensation of the 


feedback signals. The sensor signals must satisfy 
the specification. So, before using this function, 
check that the feedback signals satisfy the 
specification. 
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(4) Setting parameters 


157 167 301 
3355 4355 4355 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3356 4356 4356 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3357 4357 4357 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3358 4358 4358 


Unit of data : 
Valid data range : 
Standard setting value : 


4. ADJUSTMENT 


Compensation of motor sensor signal amplitude ratio 


1% 
-8 to +8 


oO 


Compensation of motor sensor signal phase difference 


O° 


-4 to +4 


— 


oO 


Compensation of spindle sensor signal amplitude ratio 


1% 
-8 to +8 


oO 


Compensation of spindle sensor signal phase difference 


O° 


-4 to +4 

0 

When compensation of the feedback signal of the motor sensor 
connected to spindle amplifier JYA2 is performed, the settings of 
parameter Nos. 4355 and 4356 are adjusted. When compensation of 
the feedback signal of the spindle sensor connected to JYA4 is 
performed, the settings of parameter Nos. 4357 and 4358 are adjusted. 

When as with a built-in motor the speed sensor and position sensor are 
the same (the feedback signal of JYA2 is used for speed detection and 
position detection), compensation is performed for JYA2 only. When 
the speed sensor and position sensor are provided separately (the 
feedback signal of JY A2 is used for speed detection, and the feedback 
signal of JYA4 is used for position detection), compensation is 
performed for both JY A2 and JYA4. 


— 
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(5) Preparation for adjustment 

With this function, parameters are adjusted by rotating the spindle at a 

certain speed in the velocity control mode and observing feedback 

data. The measuring devices required for the adjustment and the 

settings made at the time of adjustment are explained below. 

<1> Measuring devices required for adjustment 
For the adjustment by this function, a spindle check board 
(A06B-6078-H001) and a digital oscilloscope having an 
averaging function are required. 

<2> Speed and rotation direction at adjustment time 
For adjustment on the motor sensor side, issue a speed command 
and rotation direction command (SFR or SRV) so that the motor 
rotates in the forward direction (counterclockwise) at speed N 
(see the equation below). For adjustment on the spindle sensor 
side, issue the commands so that the spindle rotates in the 
forward direction (counterclockwise) at speed N. 
N [min] = 4685/Number of sensor gear teeth [A/rev] 
Example: When the number of sensor gear teeth = 256 [A/rev] 

N = 4685/256 = approx. 18 [min’'] 

<3> Setting observation data 
The table given below lists the data items to be observed at the 
time of adjustment and the settings for output on the spindle 
check board. For adjustment on the motor sensor (JYA2) side, 
observe data with data Nos. 313 and 231. For adjustment on the 
spindle sensor (JY A4) side, observe data with data Nos. 314 and 
232; 


Channel Setting address Setting data Description 
Motor sensor feedback incremental data 
Spindle sensor feedback incremental data 
d-06 (shift amount) Incremental data sent every 2 ms for feedback data (data Nos. 231 
d-07 (shift direction) and 232) 
d-08 (offset) The data weights 1/2*A/10V for a shift amount of 4 
Motor sensor feedback data 
Spindle sensor feedback data 





d-05 (data number) 

















d-09 (data number) 





d-10 (Shift amount) The data weights 14/10V. 
d-11 (shift direction) During rotation, a saw tooth wave form is observed, and the edge 
d-12 (offset) interval is equivalent to data for 1A of the sensor gear. 




















<4> Setting the oscilloscope 

Connect and set the oscilloscope as shown below to observe data. 

Use a falling edge of feedback data as a trigger, observe a 

waveform which averages incremental data, and adjust 

parameters so that the amplitude of this waveform is minimized. 

Channel 1: Connected to the CH1 pin of the check board (0.5 to 
1 V/div) 

Channel 2: Connected to the CH2 pin of the check board (5 
V/div) 

Measurement time range: 5 to 10 ms/div 

Trigger setting: Falling edge of channel 2 

Number of averaging times: About 16 to 64 times 


Ae 
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(6) Adjustment procedure 


After completing the preparation for adjustment mentioned previously, 
follow the steps below to adjust parameter settings in the MDI mode. 


NOTE 


<|> 


<2> 


* 


Note that the ai series does not have the adjustment 
function using the spindle check board. 





Rotation in the velocity control mode 

Set all the amplitude ratio and phase difference compensation 
parameters to 0, and rotate the spindle (motor) in the previously 
mentioned direction and at speed N in the velocity control mode. 

Setting and adjusting the check board and oscilloscope 

After disabling the averaging function of the oscilloscope, adjust 
the settings regarding the shift amount and the presence/absence 
of an offset for CH1, and the display setting of the oscilloscope 
so that incremental data does not overflow the check board 
output range (+5 V) and oscilloscope display range (see Fig. 4.3 
(a)). 

After completing the adjustment of the check board and 
oscilloscope, enable the averaging function (See Fig. 4.3 (b)). 





Time range:5ms/div 
Without averaging 


-| CH1:(313.4.0.1) 
Feedback increment 
0.5V/div 





.| CH2:(231.8.0.0) 
Feedback data 
5V/div 








Fig. 4.3 (a) Without averaging 





Time range:5ms/div 
32 averaging times 


CH1:(313.4.0.1) 
Feedback increment 
0.5V/div 


CH2:(231.8.0.0) 
Feedback data 
5V/div 














Fig. 4.3 (b) When averaging is performed 32 times 


Sensor: 256 A/rev, speed 18 min! 
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<3> Adjusting the phase difference compensation parameter 

Set the parameter for amplitude ratio compensation (parameter 
No. 4355 or 4357) to 0, and adjust the phase difference 
compensation parameter (parameter No. 4356 or 4358). 
Typically, set a value with which the amplitude of averaged 
incremental data is minimized. First, check the amplitude by 
entering (+)1 as the parameter value and the amplitude by 
entering -1. In the direction in which the amplitude becomes 
smaller, change the parameter value in steps of 1. Then, you can 
find the optimum value easily. Fig. 4.3 (c) shows the waveform 
obtained after phase difference compensation adjustment. 





Time range:5ms/div 
32 averaging times 


CH1:(313.4.0.1) 
Feedback increment 
0.5V/div 


CH2:(231.8.0.0) 
Feedback data 
5V/div 














Fig. 4.3 (c) After phase difference compensation 


<4> Adjusting the amplitude ratio compensation parameter 

After adjusting phase difference compensation to an optimum 
value, adjust amplitude ratio compensation. The adjustment 
method and the guideline for adjustment are the same as for 
phase difference compensation. Perform adjustment so that the 
amplitude of feedback incremental data becomes smaller. Fig. 
4.3 (d) shows the waveform obtained after adjustment of 
amplitude ratio compensation (and phase _ difference 
compensation). 





Time range:5ms/div 
32 averaging times 


0.42 Feedback increment 
: 0.5V/div 


CH2:(231.8.0.0) 
Feedback data 
5V/div 














Fig. 4.3 (d) After amplitude ratio (and phase difference) compensation 


NOTE 
Whichever compensation, amplitude ratio 
compensation or phase difference compensation, 


may be adjusted first, the same adjustment result 
can be obtained. So, steps <3> and <4> may be 
performed in reverse order. 
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5.1.1 Overview 


Speed range switching control switches the output characteristic 
(winding) of a spindle motor (motor designed for speed range 
switching control) that has two types of windings (winding with 
low-speed output characteristic and winding with high-speed output 
characteristic). 


NOTE 


Using this function requires the CNC software 
option. 





5.1.2 Series and Editions of Applicable Spindle Software 


Spindle software 

Series Edition Usable CNC 
A (01) edition or later | FS16i/FS18i/ FS21i/ FS0i/ FS15i 
A (01) edition or later | FS30i / FS31i / FS32i 
FS16i/FS18i/ FS21i/ FS0i/ FS157 
FS30i / FS31i / FS32i 

















A (01) edition or later 


5.1.3 Configuration 


Shown below is a machine configuration for using speed range 
switching control. 
This function requires the following items in addition to a spindle 


amplifier (SP). 
e Switching unit (a magnetic contactor and a relay for driving it are 
included) 


e Signals between the PMC and switching unit 

Refer to "FANUC SERVO AMPLIFIER ai series Descriptions" 
(B-65282EN) for the specification of the switching unit and detailed 
descriptions about their connection. 


Switching request signal 










Status confirmation signal 


Power line 
Switching unit 


Feedback signal 
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5.1.4 lO Signals (CNC <~ PMC) 


(1) Address list of input signals (PMC — CNC) 


157 
1st- G227 
2nd- G235 
1st- G226 
2nd- G234 
1st- G229 
2nd- G237 


167 
G070 
G074 


G071 
G075 


G072 
G076 


301 
G070 
G074 


G071 
G075 


G072 
G076 


#7 #6 #5 #4 #3 #0 





#2 #1 











(2) Details of input signals (PMC — CNC) 
(a) Speed range switching request signal (RSLA) 


(1) 


(2) 


(3) 














The RSLA signal is used as a command signal for selecting an 

output characteristic. 

0: The high-speed characteristic is selected. 

1: The low-speed characteristic is selected. 

Method of specifying the RSLA signal according to the speed 

command (S command) 

Input the RSLA signal in such a way that, if the specified speed 

is lower than or equal to the switching speed, the low-speed 

characteristic is selected and, if the specified speed is higher than 

or equal to the switching speed, the high-speed characteristic is 

selected. When this signal changes from 0 to | in a rotation speed 

range that is higher than or equal to the switching speed, the 

low-speed characteristic is selected immediately. To avoid this 

symptom, set, to 1, a parameter (bit 4 of parameter No. 4019) for 

selecting the low-speed characteristic after the speed detection 

signal (SDTA) has changed to 1. This method requires that the 

detection level of the SDTA signal be set to the switching speed. 

Method of using the speed-detected signal (SDTA) 

Input the speed range switching request signal according to the 

output of the SDTA signal. This method requires that the 

detection level of the SDTA signal be set to the switching speed. 

Note that the SDTA signal changes in the following cases: 

e _ If the motor speed crosses the speed detection level during 
constant surface speed control 
When the motor is used with the low-speed characteristic, 
clamping the maximum rotation speed of the spindle under 
constant surface speed control to the switching speed (using 
the G50 and G92 commands) prevents speed range 
switching. 

e If the motor speed crosses the speed detection level when 
the speed is changed under spindle override 
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(4) 


Because the motor is switched off during speed range switching, 
select an output characteristic, whichever is necessary, before 
entering any of the following control modes. Do not change the 
speed range switching request signal during operation. 

e —_ Rigid tapping 

Cs contouring control 

Spindle synchronous control 

Spindle positioning 

Spindle orientation (lower than or equal to the orientation 
speed) 


(b) Low-speed characteristic magnetic contactor status signal (RCHA) 


(1) 


(2) 


(3) 


Input an open/closed status signal for the magnetic contactor 

(MCC) used for the low-speed characteristic of the spindle 

motor. 

0: The low-speed characteristic magnetic contactor is open 
(off). 

1: The low-speed characteristic magnetic contactor is closed 
(on). 

Usually, specify the status of the auxiliary contact (contact A) of 

the low-speed characteristic magnetic contactor without 

modifying it. 

If bit 3 of parameter No. 4014 = 0, the RCHA signal is used as a 

confirmation signal for the status of the power line. So, specify 

the selected status of the magnetic contactor for switching the 

output characteristic of the spindle motor. 

0: The high-speed characteristic is selected. 

1: The low-speed characteristic is selected. 

To switch from low-speed characteristic to high-speed 

characteristic, after making sure that the low-speed characteristic 

magnetic contactor is switched off and the high-speed 

characteristic magnetic contactor is switched on, change this 

signal from 1 to 0. Similarly, to switch from high-speed 

characteristic to low-speed characteristic, after making sure that 

the high-speed characteristic magnetic contactor is switched off 

and the low-speed characteristic magnetic contactor is switched 

on, change this signal from 0 to 1. 


(c) High-speed characteristic magnetic contactor status signal (RCHHGA) 


(1) 


(2) 


(3) 


Input an open/closed status signal for the magnetic contactor 

(MCC) used for the high-speed characteristic of the spindle 

motor. 

0: The high-speed characteristic magnetic contactor is open 
(off). 

1: The high-speed characteristic magnetic contactor is closed 
(on). 

Usually, specify the status of the auxiliary contact (contact A) of 

the high-speed characteristic magnetic contactor without 

modifying it. 

The RCHHGA signal is valid if bit 3 of parameter No. 4014 = 1. 
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(3) Address list of output signals (CNC — PMC) 


157 
1st- F229 
2nd- F245 
1st- F228 
2nd- F244 


167 
F045 
F049 


F046 
FO50 


301 
F045 
F049 


F046 
FO50 


#7 #6 #5 #4 #3 #0 





#2 #1 























(4) Details of output signals (CNC — PMC) 
(a) Power line switching signal (RCHPA) 


(1) 


(2) 


(3) 


(4) 


The RCHPA signal is a command signal for selecting a magnetic 
contactor used to switch the output characteristic of the spindle 
motor. 
0: The high-speed characteristic magnetic contactor is 
selected. 
1: The low-speed characteristic magnetic contactor is selected. 
The RCHPA signal is output in response to an incoming speed 
range switching request signal (RSLA). Switch the magnetic 
contactor according to the RCHPA signal. 
When the speed range is switched from low speed to high speed, 
the RCHPA signal changes from 1 to 0 in response to an 
incoming speed range switching request signal (RSLA). When 
the speed range switching request signal is received, the motor 
power is automatically switched off. So, first switch off the 
low-speed magnetic contactor. After making sure that the 
low-speed magnetic contactor has been switched off, switch on 
the high-speed magnetic contactor. 
When the speed range is switched from high speed to low speed, 
the RCHPA signal changes from 0 to 1 in response to an 
incoming speed range switching request signal (RSLA). When 
the speed range switching request signal is received, the motor 
power is automatically switched off. So, first switch off the 
high-speed magnetic contactor. After making sure that the 
high-speed magnetic contactor has been switched off, switch on 
the low-speed magnetic contactor. 


(b) Power line switching completion signal (RCFNA) 


(1) 


(2) 


After spindle motor speed range switching is completed, indicate 
which speed range is selected. 

0: The spindle is running with the high-speed characteristic. 

1: The spindle is running with the low-speed characteristic. 
After making sure that the speed range switching request signal 
(RSLA) has changed and the RCFNA signal matches the RSLA, 
go to the next operation. 
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(c) Speed detection signal (SDTA) 


(1) 


(2) 


(3) 


(4) 


Output a signal for indicating whether the motor speed is not 

lower than or not higher than the speed level specified in 

parameter No. 4023. 

0: The motor is rotating at or faster than the specified speed 
level. 

1: The motor is rotating at or lower than the specified speed 
level. 

The SDTA signal can be used to detect the speed for speed range 

switching by setting the speed detection level to the switching 

speed. 

Be careful when using the SDTA signal for speed range 

switching, because the signal may change because of speed 

fluctuations when the machine runs at or near the switching 

speed. 

The SDTA signal has hysteresis. The hysteresis width is initially 

set to 20 min’. The setting can be changed, using parameter No. 

4160. See Subsection 5.1.7, "Details of Related Parameters," for 

the setting. 
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Sequence 


(1)Performing speed range switching by checking the status of both contacts 
of the low-speed characteristic magnetic contactor status signal (RCHA) 
and high-speed characteristic magnetic contactor status signal (RCHHGA) 
(bit 3 of parameter No. 4014 = 1) 


(a) Switching from low-speed characteristic to high-speed characteristic 


Speed range switching request 
signal (RSLA) Low speed (= 1) 
PMC->CNC 

Power line switching signal 
(RCHPA) 

CNC->PMC 

Clutch/gear signal 
(CTH1A, 2A) PMC->CNC Low speed (= 1) 





High speed (= 0) 





















Low speed (= 1) High speed (= 0) 





High speed (= 0) 


Low-speed characteristic 


magnetic contactor Closed 





Low-speed characteristic 
magnetic contactor status signal Closed (=1) 
(RCHA) PMC->CNC 





High-speed characteristic Open 
magnetic contactor 
High-speed characteristic 
magnetic contactor status signal 
a Sal Aaa 

eed range switchin ? 
eempletion signal (RCFNA) Low speed (=1) Highspeed (0) 


CNC-—PMC 








Open (=0) Closed (=1) 





(b) Switching from high-speed characteristic to low-speed characteristic 


Speed range switching request 



















signal (RSLA) High speed (= 0) Low speed (= 1) 
PMC->CNC 

Power line switching signal 

(RCHPA) High speed (= 0) Low speed (= 7) 


CNC->PMC 
Clutch/gear signal 


(CTH1A, 2A) PMC->CNC High speed (= 0) 









Low-speed characteristic 
magnetic contactor Open 
Low-speed characteristic 
magnetic contactor status signal 
(RCHA) PMC->CNC 
High-speed characteristic 
magnetic contactor 





Open (=0) 








Closed 


High-speed characteristic 
magnetic contactor status signal 
(RCHHGA) PMC->CNC 

Speed range switching 
completion signal (RCFNA) 
CNC->PMC 






Closed (=1) Open (=0) 








High speed (=0) Low speed (=1) 
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(2)Performing speed range switching by checking only the power line status 


confirmation signal (RCHA) (bit 3 of parameter No. 4014 = 0) 


(a) Switching from low-speed characteristic to high-speed characteristic 


Speed range switching request 
signal (RSLA) 


PMC->CNC 
Power line switching signal 


(RCHPA) 

CNC->PMC 

Clutch/gear signal 
(CTH1A, 2A) PMC-+>CNC 


Low-speed characteristic 
magnetic contactor 


High-speed characteristic 
magnetic contactor 


Power line status confirmation 
signal (RCHA) PMC->+CNC 


Speed range switching 
completion signal (RCFNA) 
CNC->PMC 


Low speed (= 1) High speed (= 0) 


















Low speed (= 1) High speed (= 0) 





High speed (= 0) 






Low speed (= 1) 








Open 





Closed 


High speed (= 0) 







High speed (=0) 





(b) Switching from high-speed characteristic to low-speed characteristic 


Speed range switching request 


signal (RSLA) 


PMC->CNC 
Power line switching signal 


(RCHPA) 

CNC->PMC 

Clutch/gear signal 
(CTH1A, 2A) PMC->CNC 


Low-speed characteristic 
magnetic contactor 


High-speed characteristic 
magnetic contactor 


Power line status confirmation 
signal (RCHA) PMC->CNC 


Speed range switching 
completion signal (RCFNA) 
CNC->PMC 


High speed (= 0) Low speed (= 1) 










High speed (= 0) 







High speed (= 0) 










Open 








Closed 






High speed (= 0) Ow Spee' 








High speed (=0) Low speed (=7) 
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NOTE 

1 A parameter can specify that switching from high-speed output characteristic to 
low-speed output characteristic be not performed at a speed higher than or equal to 
the switching speed (speed detection signal SDTA = 0) even if a switching request is 
issued. 
Switch the clutch/gear signals (CTH1A and CTH2A) in such a way that the velocity 
loop gain can be specified for low- and high-speed characteristics separately. 
Spindle alarm 15 is issued unless the magnetic contactor status signal is input within 
one second after the power line switching signal is output. So, input the magnetic 
contactor status signal within one second after the power line switching signal is 
output. 
If you want to check the selection status of magnetic contactors MCC1 and MCC2 
only with the auxiliary contact of magnetic contactor MCC1, allow a delay time of at 
least 50 ms between the instant when switching between MCC1 and MCC2 is 
performed with the power line switching signal (RCHPA) and the instant when the 
power line status confirmation signal (ROCHA) changes, because a delay occurs in 
the operation of the magnetic contactors. 





5.1.6 List of Related Parameters 


Parameter No. 
15% 163 30: 





Description 


Whether the speed range switching control function is available (to be 
3015 #2 | 4015#2 | 4015#2 | set to"1") 

(The CNC software option is required. ) 

Function of checking the both magnetic contactor contacts for 
high-/low-speed characteristics in speed range switching 

Function of checking the speed detection signal when switching is 
performed from high-speed characteristic to low-speed characteristic 
3023 4023 4023 Speed detecting level 

3160 4160 4160 Speed detection level hysteresis 





3014 #3 | 4014 #3 | 4014 #3 





3019 #4 | 4019#4 | 4019 #4 
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5.1.7 Details of Related Parameters 


151 167 301 
3015 4015 4015 


SPDSW 


157 167 301 
3014 4014 4014 


CHGSLT 


157 167 301 
3019 4019 4019 


SDTCHG 


157 167 301 
3023 4023 4023 


Unit of data : 
Valid data range : 
Standard setting value : 


#7 #6 #5 #4 #3 #2 #1 #0 
Presence of speed range switching function (To use this function, the 
CNC software option is required.) 


0: Without speed range switching function 
1: With speed range switching function (To be set to "1") 


#7 #6 #5 #4 #3 #2 #1 #0 
a a ee os ee 
Function of checking the both magnetic contactor contacts for 
high-/low-speed characteristics in speed range switching 
0: A check is made, using the power line status confirmation signal 
(RCH). 
1: The contacts of both high- and low-speed characteristic magnetic 
contactors are checked. 


#7 #6 #5 #4 #3 #2 #1 #0 
pT sorenc] | 
Specifies whether to switch from high-speed range to low-speed range, 
upon the speed detection signal (SDT) being set to “1”, when speed 
range switching is used. 
0: Switches from the high-speed to low-speed range regardless of 
the speed detection signal (SDT). 
1: Switches from the high-speed to low-speed range after the SDT 
signal has changed to "1". 
If this data is "0", switching from high-speed characteristic to 
low-speed characteristic occurs no matter what the status of the speed 
detection signal (SDT) is. 
If this data is "1", switching from high-speed characteristic to 
low-speed characteristic does not occur when the speed detected 
signal (SDT) is "0". The switching occurs only after the SDT signal 
has changed to "1". 
To make switching to low-speed characteristic occur securely at or 
near the switching speed, set the speed detection level (parameter No. 
4023) to a level slightly higher than the switching speed level. 


Speed detecting level 


0.1% 

0 to 1000 

0 

This data is used to set the detecting level of speed detecting signal 
(SDT). 

When the motor speed reaches (setting data/10) % or less of maximum 
speed, the speed arrival signal (SDT) is set to "1". 
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157 167 301 
3160 4160 4160 


Unit of data : 
Valid data range : 
Standard setting value : 


Speed detection level hysteresis 


Imin’' (When parameter No. 4006 #2 (SPDUNT)=1, 10 min’) 
0 to 32767 
0 
Specify the hysteresis of the detection level of the speed detection 
signal (SDT). 
The speed detection signal (SDT) changes from 1 to 0 with the set 
speed detection level + hysteresis motor speed, and changes from 0 to 
1 with the set speed detection level motor speed. If this data is set to 
20 min or less, the hysteresis is automatically set to 20 min”. 
If the speed detection signal (SDT) is used in speed range switching 
control, increase the data setting in situations where the switching 
circuit is likely to cause chattering close to the motor speed for the 
speed detection level. 
Set the hysteresis width to a speed change measured during switching 
with a margin (about twice the measured speed change). 
A rough estimate of the hysteresis width can be obtained from the 
following expression (on the assumption that the motor load torque at 
switching is 20% of the maximum output torque): 

Speed range switching time 





Hysteresis width[min * ] = 


x Maximum rotation speed x 0.2 


Acceleration time until the maximum rotation speed is reached 
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5.1.8 Parameter-specified Switching between High- and Low-speed 
Characteristics 


(1) Clutch/gear signals (CTHIA and CTH2A) 
In speed range switching control, clutch/gear signals (CTHIA 
and CTH2A) are input to switch high- and low-speed velocity 
loop gain, position gain, and gear ratio data. 
Usually, the clutch/gear signals are intended to select spindle 
parameters (velocity loop gain, position gain, and gear ratio) that 
correspond to the selected clutch/gears. 
In speed range switching control, switching must be done in 
conjunction with winding selection. 


Selection status of Selection status of 
clutch/gears winding 
High-speed output 
characteristic winding 
MEDIUM HIGH GEAR (HIGH) - 
MEDIUM LOW GEAR _ (LOW) - 


Low-speed output 
ROW GEAR cow) characteristic winding 


HIGH GEAR (HIGH) 























(2) Relationships between the clutch/gear signals and spindle 
parameters 
(a) When the high-speed output characteristic winding is 
selected (CTHIA = 0 and CTH2A = 0) 


157 167 30 


3040 4040 4040 Velocity loop proportional gain on the velocity control mode (HIGH) 
3042 4042 4042 Velocity loop proportional gain on orientation (HIGH) 

3044 4044 4044 Velocity loop proportional gain on servo mode (HIGH) 

3046 4046 =—4046 Velocity loop proportional gain on Cs contouring control (HIGH) 
3048 4048 4048 Velocity loop integral gain on the velocity control mode (HIGH) 
3050 4050 4050 Velocity loop integral gain on orientation (HIGH) 

3052 4052 4052 Velocity loop integral gain on servo mode (HIGH) 

3054 4054 94054 Velocity loop integral gain on Cs contouring control (HIGH) 

3060 4060 4060 Position gain on orientation (HIGH) 


3065 4065 4065 Position gain on servo mode (HIGH) 


3069 4069 4069 Position gain on Cs contouring control (HIGH) 
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157 
3041 


3043 


3045 


304 


3049 


3051 


3053 


3055 


3063 


3068 


3072 


167 
4041 


4043 


4045 


4047 


4049 


4051 


4053 


4055 


4063 


4068 


4072 


30: 
4041 


4043 


4045 


4047 


4049 


4051 


4053 


4055 


4063 


4068 


4072 


(b) When the low-speed output characteristic winding is selected 
(CTHIA = 1 and CTH2A = 1) 


Velocity loop proportional gain on the velocity control mode (LOW) 
Velocity loop proportional gain on orientation (LOW) 

Velocity loop proportional gain on servo mode (LOW) 

Velocity loop proportional gain on Cs contouring control (LOW) 
Velocity loop integral gain on the velocity control mode (LOW) 
Velocity loop integral gain on orientation (LOW) 

Velocity loop integral gain on servo mode (LOW) 

Velocity loop integral gain on Cs contouring control (LOW) 
Position gain on spindle orientation (LOW) 


Position gain on servo mode (LOW) 


Position gain on Cs contouring control (LOW) 


(3) Cautions 
Keep in mind that the clutch/gear signals (CTHIA and CTH2A) 
are used to select also parameters for rigid tapping, feed axis 
position gain under Cs contouring control, the number of teeth of 
arbitrary gears, time constants, and backlash in the Series 1517. 
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5.2 SPINDLE SWITCHING CONTROL 


5.2.1 Overview 


Spindle switching control is a function that drives two spindle motors 
with a single spindle amplifier, one at a time by switching them. The 
function is suitable for a machine in which two spindle motors are not 
driven simultaneously. 


5.2.2 Series and Editions of Applicable Spindle Software 


Spindle software 

Series Edition Usable CNC 
E (05) edition or later | FS16i/FS18i/ FS21i/ FSOi/ FS15i 
A (01) edition or later | FS30i / FS31i / FS32i 
FS16i/FS18i/ FS21i/ FS0i/ FS15i 
FS30i / FS31i / FS32i 

















A (01) edition or later 


5.2.3 Configuration 


Shown below is a machine configuration for using spindle switching 

control. 

The following items are required for spindle switching control in 

addition to a spindle amplifier (SP) and two spindle motors: 

e Sub module SW (SSW) 

e Switching unit (a magnetic contactor and a relay for driving it are 
included) 

e Signals between the PMC and switching unit 

Refer to "FANUC SERVO AMPLIFIER ai series Descriptions" 

(B-65282EN) for the specification of the submodule SW (hereafter 

SSW), switching unit, and detailed descriptions about their 

connection. 









MAIN 


Feedback signal Spindle motor 


Feedback signal 


SUB 
Power line Spindle motor 






Switching request signal and 
status confirmation signal 







Power line 
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Details of Specifications 


Restrictions 


(1) 


(2) 


(3) 


(4) 
(5) 
(6) 


(7) 


(8) 


(1) 
(2) 


(3) 
(4) 


The spindle amplifier and SSW are used to select one of two 
spindle motors and drive the selected spindle motor. They cannot 
be used to drive two spindle motors simultaneously or switch 
between a motor with a 200 V input and a motor with a 400 V 
input (HV). They cannot be used to drive a@Ci series spindle 
motors either. 

Any spindle motors that can be driven with the spindle amplifier 
can be combined as a main spindle or sub-spindle. 

The capacity of the spindle amplifier used for two spindle motors 
must be large enough for the larger of the two. The required 
parameters may have to be re-set depending on the combination 
of the motors and amplifier. 

The SSW switches the feedback signal according to the 
switching command from the spindle amplifier. The detectors 
that can be used are as follows: 

Detectors incorporated in the motor (speed detectors): oiM 
sensor, aiMZ sensor, aiBZ sensor (for built-in motors), and 
aiCZ sensor (for built-in motors) 

Detectors mounted on the spindle (position detectors): Position 
coder, aiBZ sensor (when SP TYPE B is used), aiCZ sensor 
(when SP TYPE B is used), and proximity switch 

Speed range switch control can be used for both the main spindle 
and sub-spindle. 

Rigid tapping can be used for both the main spindle and 
sub-spindle. 

Position coder-based spindle orientation can be used for both the 
main spindle and sub-spindle as long as it uses a method of 
specifying a stop position with a parameter. 

The status information about the magnetic contactors of both the 
main spindle and sub-spindle can be input so that the status of the 
power line can be checked securely. This function is enabled by 
setting the following parameters. 

FS16i: Bit 2 of parameter No. 4014 = 1 

FS30i: Bit 2 of parameter No. 4014 = 1 

FS15i: Bit 2 of parameter No. 3014 = 1 

A switching error is detected and spindle alarm 15 is issued 
unless the magnetic contactor status signal (MCFNA or 
MFNHGA) is not input within one second after the power line 
switching signal (CHPA) is output. 


Stop position external setting type orientation can be used only 
for the main spindle. 

Spindle synchronous control can be used only for the main 
spindle. 

Spindle positioning can be used only for the main spindle. 

Cs contouring control can be used only for the main spindle. 
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(5) For the sub-spindle motor, up to two gear switching stages can be 
specified using a parameter. 

(6) The dual position feedback function can be used on the main side 
only. 


5.2.6 W/O Signals (CNC<>PMC) 


(1) Address list of input signals (PMC — CNC) 


15i 16i 30: #7 #6 #5 #4 #3 #2 #1 #0 


1st- G226 G071 GO071 MCFNA | SPSLA 
2nd- G234 G075 G075 MCFNB }| SPSLB 


1st- G229 G072 G072 IMENHGA| 
2nd- G237 G076 GO076 | MENHGB, 
(2) Details of input signals (PMC — CNC) 
(a) Spindle switching request signal (SPSLA) 
(1) The SPSLA signal is used as a command signal to select a 
spindle motor. 
0: The main spindle motor is selected. 
1: The sub-spindle motor is selected. 
(2) After stopping the spindle motors, change the SPSLA signal. 
The zero-speed signal (SSTA) can be used as an output signal to 
check that the spindle motors are at a halt. 
(3) Reset the rotation commands (SFRA and SRVA) and spindle 
orientation command (ORCMA) to 0, because switching requires 
that the motor power be off. 
























































(b) Sub-spindle motor magnetic contactor status signal (MCFNA) 

(1) Input the open/closed status of the sub-spindle motor magnetic 
contactor (MCC). 
0: The sub-spindle motor magnetic contactor is open (off). 
1: The sub-spindle motor magnetic contactor is closed (on). 

(2) Usually, specify the status of the auxiliary contact (contact A) of 
the sub-spindle motor magnetic contactor without modifying it. 

(3) If bit 2 of parameter No. 4014 = 0, the MCFNA signal is used as 
a confirmation signal for the status of the power line. So, specify 
the selection status of the magnetic contactor for switching the 
power line of the spindle motor. 
0: The main spindle motor is selected. 
1: The sub-spindle motor is selected. 
To switch from the sub-motor to the main motor, after making 
sure that the sub-motor magnetic contactor is switched off and 
the main motor magnetic contactor is switched on, change this 
signal from 1 to 0. Similarly, to switch from the main motor to 
the sub-motor, after making sure that the main motor magnetic 
contactor is switched off and the sub-motor magnetic contactor is 
switched on, change this signal from 0 to 1. 
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(c) Main spindle motor magnetic contactor status signal (MFNHGA) 


(1) 


(2) 
(3) 


Input the open/closed status of the main spindle motor magnetic 
contactor (MCC). 

0: The main spindle motor magnetic contactor is open (off). 

1: The main spindle motor magnetic contactor is closed (on). 
Usually, specify the status of the auxiliary contact (contact A) of 
the main spindle motor magnetic contactor without modifying it. 
The MFNHGA signal is valid if bit 2 of parameter No. 4014 = 1. 


(3) Address list of output signals (CNC — PMC) 


157 
1st- F229 
2nd- F245 
1st- F228 
2nd- F244 


167 
F045 
F049 


F046 
FO50 


301 
F045 
F049 


F046 
FO50 


#7 #6 #5 #4 #3 #2 #0 





#1 






































(4) Details of output signals (CNC — PMC) 
(a) Power line switching signal (CHPA) 


(1) 


(2) 


(3) 


(4) 


The CHPA signal is a command signal for selecting a magnetic 
contactor used to switch the power line of the spindle motor. 

0: The main spindle motor magnetic contactor is selected. 

1: The sub-spindle motor magnetic contactor is selected. 

When the spindle switching request signal (SPSLA) is input, a 
check is made to see if the motors are at a stop and their power is 
off. Once it has been confirmed that the motors are at a stop and 
their power is off, the CHPA signal is output. Switch the 
magnetic contactor according to the CHPA signal. 

When switching from the sub-motor to the main motor occurs, 
the CHPA signal changes from 1 to 0 in response to an incoming 
spindle switching request signal (SPSLA) provided that the 
sub-motor is at a stop and its power is off. After this signal 
change has occurred, first switch off the sub-motor magnetic 
contactor. After making sure that the sub-motor magnetic 
contactor has been switched off, switch on the main motor 
magnetic contactor. 

When switching from the main motor to the sub-motor occurs, 
the CHPA signal changes from 0 to | in response to an incoming 
spindle switching request signal (SPSLA) provided that the main 
motor is at a stop and its power is off. After this signal change 
has occurred, first switch off the main motor magnetic contactor. 
After making sure that the main motor magnetic contactor has 
been switched off, switch on the sub-motor magnetic contactor. 
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(b) Spindle switching completion signal (CFINA) 


(c) Zero-speed signal (SSTA) 


(1) 


(2) 


(3) 


(1) 


(2) 


After spindle switching is completed, it is indicated which 
spindle motor is currently under control. 

0: The main spindle motor is currently under control. 

1: The sub-spindle motor is currently under control. 

After making sure that the spindle switching request signal 
(SPSLA) has changed and the CFINA signal matches the SPSLA, 
go to the next operation. 

Keep the rotation commands (SFRA and SRVA) and spindle 
orientation command (ORCMA) tumed off during switching, 
because switching requires that the motor power be off. 


It is indicated whether the spindle motor speed is not lower or not 

higher than the zero-speed detection level (parameter-specified 

speed level). 

0: The motor is rotating at or faster than the speed detection 
level. 

1: The motor is rotating at or slower than the speed detection 
level. 

The motor must be at a halt during spindle switching. Use the 

SSTA signal to check that that the motor is at a halt. 
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5.2./ Sequence 


(1)Performing spindle switching by checking the status of both contacts of 
the sub-spindle motor magnetic contactor status signal (MCFNA) and main 
spindle motor magnetic contactor status signal (MFNHGA) (bit 2 of 
parameter No. 4014 = 1) 


Main spindle motor p Sub-spindle motor » Main spindle motor 


Rotation commands (SFRA and 


SRVA) ON(=1) OFF(=0) ON(=1) 
Spindle orientation command 
(ORCMA) PMC->CNC Rotation 


fens Stop 
ON(=1) OFF(=0) 


Spindle switching request signal MAIN(=0) \ MAIN(=0) 
' 
' 


Spindle motorspeed = ~~~~~~~~--- 





Zero-speed signal (SSTA) OFF(=1) 
CNC-—PMC 


(SPSLA) PMC->CNC 


Power line switching signal 


(CHPA) CNC->PMC \\ SUB(=1) MAIN(=0) 


MAIN(=0) 


Main spindle motor magnetic 


contactor Closed 


I 
i} 
i} 
Open i Closed 
I 
i} 
' 
i} 


c= 7 
Closed(=1) Hi Open(=0) 


MAIN(=0) 


Main spindle motor magnetic 
contactor status signal 
(MFNHGA) PMC->CNC 


Sub-spindle motor magnetic Open 
contactor 

Sub-spindle motor magnetic 
contactor status signal 
(MCFNA) PMC->CNC 
Spindle switching completion MAIN(=0) 
signal (CFINA) 

CNC->PMC 


Closed(=1) 


Open(=0) 


SUB(=1) 


ti<1sec, to<1sec ti’<1sec, t.’<1sec 


| 


NOTE 
Spindle alarm 15 is issued unless the main spindle 
motor status signal (MFNHGA) and sub-spindle 


motor status signal (MCFNA) change within one 
second after the switching request signal (SPSLA) 
signal has changed. 
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(2)Performing spindle switching by checking only with the power line status 
signal (MCFNA) (bit 2 of parameter No. 4014 = 0) 


Main spindle motor ——-+» Sub-spindle motor ——+» Main spindle motor 


Rotation commands (SFRA and 
SRVA) ON(=1) OFF(=0) OFF(=0) ON(=1) 
Spindle orientation command 


ee , 
Spindle motor speed Stop 








Zero-speed signal (SSTA) OFF(=1) a ON(=1) OFF(=0) 
CNC->PMC 
Spindle switching request signal MAIN(=0) MAIN(=0) 
(SPSLA) PMC->CNC 
Power line switching signal 2 MAIN(=0 
(CHPA) CNC->PMC ANG) ! ee 
' 
Main spindle motor magnetic ! 
contactor Closed | Closed 
' 
Sub-spindle motor magnetic Open \ Open 
contactor | 
' ' 
Sub-spindle motor magnetic Open (=0) Closed (=1) i Open (=0) 
contactor status signal : 
(MCFNA) PMC->CNC ! I 
; be ‘ MAIN(=0) \ SUB(=1) 1 T MAIN(=0) 
Spindle switching completion ! ; I 
signal (CIFNA) ! 
' , | 
CNC->PMC 1 t, ieaceyes 1 ty eee 
: \ j 4 I 
' | 
1 1 


NOTE 

1 When checking the selection status of magnetic 
contactors MCC1 and MCC2 only with the auxiliary 
contact of magnetic contactor MCC1, allow a delay 
time of at least 50 ms between the instant when 
switching between MCC1 and MCC2 is performed 
with the power line switching signal (CHPA) and the 


instant when the power line status confirmation 
signal (MCFN) changes, because a delay occurs in 
the operation of the magnetic contactors. 

Spindle alarm 15 is issued unless the power line 
magnetic contactor status signal (MCFNA) changes 
within one second after the switching request signal 
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5.2.8 List of Related Parameters 


Parameter No. 
15i 16i 303 

5607#0 | 401947 | 4019#7 | Parameter automatic setting function (MAIN) 

3133 4133 4133 Motor model code (MAIN) 
5607#0 | 4195#7 | 4195#7 | Parameter automatic setting function (SUB) 

3309 4309 4309 Motor model code (SUB) 
3014#0 | 4014#0 | 4014#0 | Whether the spindle switching function is available (to be set to "1") 
301442 | 4014#2 | 4014#2 Function of checking the both magnetic contactor contacts for main 

spindle and sub-spindle motors in spindle switching 
3013 4013 4013 


#6 to#2 | #6 to#2 | #6 to #2 
3024 4024 4024 Speed zero detecting level (MAIN) 
3110 4110 4110 Current conversion constant (MAIN/high-speed characteristic) 
3146 4146 4146 Current conversion constant (MAIN/low-speed characteristic) 
3189 4189 4189 
#6 to#2 | #6 to#2 | #6 to #2 
3199 4199 4199 Zero-speed detection level (SUB) 
3264 4264 4264 Current conversion constant (SUB/high-speed characteristic) 
3294 4294 4294 Current conversion constant (SUB/low-speed characteristic) 





Description 




















Current dead-band data (MAIN) 














Current dead-band data (SUB) 




















NOTE 
In the FS15:, the parameter automatic setting 
function is common to the main and sub-spindle 
motors. 





5.2.9 Details of Related Parameters 


151 = 116i =~ 303 #7 


#6 #5 #4 #3 #2 #1 #0 
soa acre aoe LET aster] | ass | 


AXISSL Whether the spindle switching control function is available 
0: No spindle switching function is available. 
1: The spindle switching function is available (to be set to "1"). 


AXSLCT Function of checking the contents of both the main spindle and 
sub-spindle motor magnetic contactor contacts in spindle switching 
0: The check is based on the power line status signal (MCFN) 
1: The check is made on the contacts (MCFN and MFNHG) of both 
the main and sub-spindle motor magnetic contactors. 


59a Ts 


157 167 301 


MAIN: 3013 4013 4013 
SUB: 3189 4189 4189 
DSS to DS1 


157 167 301 
3024 4024 4024 
3199 4199 4199 


Unit of data : 
Valid data range : 
Standard setting value : 


FANUC AC SPINDLE MOTOR ai series 
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B-65280EN/06 


#7 #6 #5 #4 #3 #2 #1 #0 


Current dead-band data 

This parameter is determined according to the spindle amplifier model 
to be used. 

In spindle switching control, the amplifier model to be used may differ 
from the amplifier that supports the motor. In this case, change the 
parameter setting according to the amplifier to be used, while 
referencing the following table. 


Amplifier model Parameter setting 





200V-input 400V-input DS4 | DS3 | DS2 


oiSP2.2 to 15 oaiSP5.5HV to 15HV 





aiSP22 to 37 aiSP30HV to 45HV 


























aiSP45 to 55 oaiSP75HV to 100HV 


NOTE 


Be careful when no correct data is specified, 
because it is likely that switching elements in the 
power circuit may break down. 


Speed zero detecting level (MAIN side) 
Speed zero detecting level (SUB side) 


0.01% 

0 to 10000 

75 

This data is used to set the detecting level of speed zero detection 
signal (SSTA). 

When the motor speed reaches (setting data/100)% or less of 
maximum speed, the speed zero detection signal (SSTA) is set to "1". 
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B-65280EN/06 FANUC BUILT-IN SPINDLE MOTOR Bil series 5.FUNCTION DESCRIPTIONS 
151 161 30: 
3110 4110 4110 Current conversion constant (MAIN side, high-speed characteristic) 
3146 4146 4146 Current conversion constant (MAIN side, low-speed characteristic) 
3264 4264 4264 Current conversion constant (SUB side, high-speed characteristic) 
3294 4294 4294 Current conversion constant (SUB side, low-speed characteristic) 
Unit of data : 
Valid data range: 0 to 32767 


This parameter is intended to specify a current detection weight that 
varies depending on the motor model to be used. 
If a motor and a spindle amplifier are in a combination that is not 
originally intended, it is necessary to change the setting according to 
the spindle amplifier to be used. Use the following conversion formula 
to determine a value to be specified in the parameter. 
ICONV 2 = ICONV 1x sl 
G2 
ICONV1 : Current conversion constant before change 
ICONV2 : Current conversion constant after change 
G1: Current detection gain for the spindle amplifier initially intended 
for the motor 
G2: Current detection gain for the spindle amplifier to be used in 
spindle switching 


The current detection gains (G1 and G2) vary from one amplifier 
model to another. The following table lists the current detection gains 
that correspond to each amplifier model. 


Amplifier model Current detection gain 
200V-input 400V-input (G1,G2) 
oiSP2.2, 5.5 aiSP5.5HV, 11HV 

aiSP11 aisP15HV 
aiSP15 aiSP30HV 
aiSP22 aiSP45HV 
aiSP26 
aiSP30, 37 aiSP75HV 
aiSP45 aiSP100HV 
aiSP55 
































NOTE 
If no correct data is specified, the motor fails to 
deliver the rated power, and it is likely that switching 
elements in the power circuit may break down. 





- 249 - 


FANUC AC SPINDLE MOTOR ai series 


5. FUNCTION DESCRIPTIONS FANUC BUILT-IN SPINDLE MOTOR Bil series B-65280EN/06 


5.2.10 Parameter Setting Procedure 


(1) Motor-specific parameter setting 
<1> Motor model code setting 

Specify the model code of a motor to be subjected to 
automatic setting. If the motor has no model code, specify 
"300" (for a motor with no speed range switching function) 
or "400" (for a motor with a speed range switching 
function). 

Parameter No. 





Setting value 


MAIN side 
No.3133 


SUB side 
No.3309 





No.4133 


No.4309 








<2> Parameter automatic setting 


No.4133 








No.4309 





Model code 


After the following parameters are specified, switch the 
CNC power off and on again. The spindle parameter 
specified with a model code is automatically set up. Once 
automatic setting is completed, the following parameters are 
re-set to their previous values. 

Parameter No. 





MAIN side 


SUB side 


No.5607#0 


Setting value 





No.4019#7 


No.4195#7 








No.4019#7 





No.4195#7 





NOTE 
In the FS157, a parameter for the parameter 
automatic setting function is common to the main 
and sub-spindle motors. Keep in mind that 
parameter automatic setting occurs for the main 
and sub-spindle motors simultaneously. 





<3> Motor-specific parameter setting (for motors with no model 
code) 
If the motor has no model code, once automatic setting is 
completed, specify motor-specific parameters by entering 
values manually according to the parameter tables for 
individual motor models. 


NOTE 
Set the parameters for the sub-spindle according 


to the list of the motor-specific parameter 
numbers in Subsection 5.2.11, “Supplementary 
Descriptions about Parameters,” in Part I. 
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(2) Parameter re-setting for spindle switching 
If the motor and spindle amplifier are not in a standard 
combination, change the current dead-band data and current 
conversion constant as described in the previous item. 


(3) Parameter setting related to detectors 
Specify parameters related to detectors according to the system 
configuration of the spindle. 
See Section 1.3 for explanations about how to specify parameters 
related to detectors. 


5.2.11 Supplementary Descriptions about Parameters 


(1) The spindle amplifier drives the motor using the relevant 
parameters according to the selected spindle (main spindle or 
sub-spindle for spindle switching). 

For the parameter numbers for the main spindle and sub-spindle, 
see Appendix B, “LIST OF SPINDLE PARAMETER 
NUMBERS.” 

(2) The following table lists the motor-specific parameter numbers 
for the main spindle and those for the sub-spindle. 

Set a motor-specific parameter for the sub-spindle according to 

the table below. 
Parameter No. 
163 30: Description 
MAIN| SUB |MAIN 








Bit type parameter 
Bit type parameter 
Bit type parameter 
Bit type parameter 
Bit type parameter 
Bit type parameter 
Bit type parameter 
Bit type parameter 
Maximum motor speed 
Speed detection level 
Slip compensation gain [for high-speed characteristics of speed range switching] 
Regenerative power limit for high-speed zone/regenerative power limit 

[for high-speed characteristics of speed range switching] 
Motor voltage on velocity control mode 

[for high-speed characteristics of speed range switching] 
Value displayed on load meter at maximum output 

[for low-speed characteristics of speed range switching] 

Base speed of motor output specifications 

[for high-speed characteristics of speed range switching] 
Output limit for motor output specifications 

[for high-speed characteristics of speed range switching] 
Excitation voltage saturation speed at no-load 

[for high-speed characteristics of speed range switching] 
Base speed limit ratio _ [for high-speed characteristics of speed range switching] 
Current loop proportional gain [for high-speed characteristics of speed range 
switching] 
Current loop integral gain[for high-speed characteristics of speed range switching] 
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Parameter No. 





16i 


30: 





MAIN 


4108 


SUB 
4262 


MAIN 


4108 


4262 


Description 





Velocity at which the current loop integral gain is zero 
[for high-speed characteristics of speed range switching] 





4109 


4263 


4109 


4263 


Filter time constant for processing saturation related to the voltage command 
[for high-speed characteristics of speed range switching] 





3110 


3264 


4110 


4264 


4110 


4264 


Current conversion constant 
[for high-speed characteristics of speed range switching] 





3111 


3265 


4111 


4265 


4111 


4265 


Secondary current coefficient 
[for high-speed characteristics of speed range switching] 





3112 


3266 


4112 


4266 


4112 


4266 


Criterion level for saturation related to the voltage command/PWM command 
clamp value [for high-speed characteristics of speed range switching] 





3113 


3267 


4113 


4267 


4113 


4267 


Slip constant [for high-speed characteristics of speed range switching] 





3114 


3268 


4114 


4268 


4114 


4268 


Slip compensation coefficient for a high-speed zone/slip compensation coefficient 
at deceleration [for high-speed characteristics of speed range switching] 





3115 


3269 


4115 


4269 


4115 


4269 


PWM command clamp value at deceleration 
[for high-speed characteristics of speed range switching] 





3116 


3270 


4116 


4270 


4116 


4270 


Motor leakage constant [for high-speed characteristics of speed range switching] 





3117 


3271 


4117 


4271 


4117 


4271 


Regular-time voltage compensation coefficient for high-speed zone/regular-time 
motor voltage coefficient[for high-speed characteristics of speed range switching] 





3118 


3272 


4118 


4272 


4118 


4272 


Acceleration-time voltage compensation coefficient for high-speed 
zone/acceleration-time motor voltage coefficient 
[for high-speed characteristics of speed range switching] 





3119 


3280 


4119 


4280 


4119 


4280 


Deceleration-time excitation current change time constant/excitation current 
change time constant [for high-speed characteristics of speed range switching] 





3127 


3274 


4127 


4274 


4127 


4274 


Value displayed on load meter at maximum output 
[for high-speed characteristics of speed range switching] 





3128 


3275 


4128 


4275 


4128 


4275 


Compensation coefficient between the specification and true base/maximum 
torque curve compensation coefficient 
[for high-speed characteristics of speed range switching] 





3129 


3276 


4129 


4276 


4129 


4276 


Secondary current coefficient for rigid tapping 
[for high-speed characteristics of speed range switching] 





3130 


3277 


4130 


4277 


4130 


4277 


Current loop proportional gain speed coefficient/current phase delay 
compensation coefficient[for high-speed characteristics of speed range switching] 





3134 


3310 


4134 


4310 


4134 


4310 


Motor overheat detect level 





3136 


3284 


4136 


4284 


4136 


4284 


Motor voltage on velocity control mode 
[for low-speed characteristics of speed range switching] 





3138 


3286 


4138 


4286 


4138 


4286 


Base speed of motor output specifications 
[for low-speed characteristics of speed range switching] 





3139 


3287 


4139 


4287 


4139 


4287 


Output limit for motor output specifications 
[for low-speed characteristics of speed range switching] 





3140 


3288 


4140 


4288 


4140 


4288 


Excitation voltage saturation speed at no-load 
[for low-speed characteristics of speed range switching] 





3141 


3289 


4141 


4289 


4141 


4289 


Base speed limit ratio _ [for low-speed characteristics of speed range switching] 





3142 


3290 


4142 


4290 


4142 


4290 


Current loop proportional gain 
[for low-speed characteristics of speed range switching] 





3143 


3291 


4143 


4291 


4143 


4291 


Current loop integral gain[for low-speed characteristics of speed range switching] 





3144 


3292 


4144 


4292 


4144 


4292 


Velocity at which the current loop integral gain is zero 
[for low-speed characteristics of speed range switching] 





3145 


3293 


4145 


4293 


4145 


4293 


Filter time constant for processing saturation related to the voltage command 
[for low-speed characteristics of speed range switching] 





3146 





3294 





4146 





4294 





4146 





4294 





Current conversion constant 
[for low-speed characteristics of speed range switching] 
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Parameter No. 
163 30: Description 
MAIN| SUB |MAIN 











Secondary current coefficient 
[for low-speed characteristics of speed range switching] 


3147 | 3295 | 4147 | 4295 | 4147 | 4295 





3148| 3296 | 4148 |4296 | 4148 | 4296 Criterion level for saturation related to the voltage command/PWM command 








clamp value [for low-speed characteristics of speed range switching] 
3149 | 3297 | 4149 | 4297 | 4149 | 4297 | Slip constant [for low-speed characteristics of speed range switching] 
315013298 14150 |4298 | 4150 |4298 Slip compensation coefficient for a high-speed zone/slip compensation coefficient 

at deceleration [for low-speed characteristics of speed range switching] 





PWM command clamp value at deceleration 

[for low-speed characteristics of speed range switching] 
3152 | 3300 | 4152 | 4300 | 4152 | 4300 | Motor leakage constant _ [for low-speed characteristics of speed range switching] 
Regular-time voltage compensation coefficient for high-speed zone/regular-time 
motor voltage coefficient [for low-speed characteristics of speed range switching] 
Acceleration-time voltage compensation coefficient for high-speed 
3154 | 3302 | 4154 | 4302 | 4154 | 4302 | zone/acceleration-time motor voltage coefficient 
[for low-speed characteristics of speed range switching] 
3156 | 3255 | 4156 | 4255 | 4156 | 4255 | Slip compensation gain [for low-speed characteristics of speed range switching] 
Compensation coefficient between the specification and true base/maximum 
3158 | 3304 | 4158 | 4304 | 4158 | 4304 | torque curve compensation coefficient 

[for low-speed characteristics of speed range switching] 
Secondary current coefficient for rigid tapping 

[for low-speed characteristics of speed range switching] 
Current loop proportional gain speed coefficient/current phase delay 
compensation coefficient[for low-speed characteristics of speed range switching] 
Deceleration-time excitation current change time constant/excitation current 
change time constant __ [for low-speed characteristics of speed range switching] 
Regenerative power limit for high-speed zone/regenerative power limit 

[for low-speed characteristics of speed range switching] 


3151 | 3299 | 4151 | 4299 | 4151 | 4299 








3153 | 3301 | 4153 | 4301 | 4153 | 4301 














3159 | 3305 | 4159 | 4305 | 4159 | 4305 





3161 | 3306 | 4161 | 4306 | 4161 | 4306 





3165 | 3308 | 4165 | 4308 | 4165 | 4308 





3166 | 3307 | 4166 | 4307 | 4166 | 4307 























3169 | 3349 | 4169 | 4349 | 4169 | 4349 | Temperature monitoring time constant 





(3) The following parameters are common to the main and 
sub-spindle motors. They cannot be specified separately for these 
motors. 


Parameter No. 
15i | 16% | 30: 





Description 


Load detecting level 2 

Soft start/stop setting time 

Overspeed level 

Velocity error excess detecting level on motor shaft 
lock condition 

Velocity error excess detecting level on motor rotation 
Overload detecting level 

Adjustment of speedometer output voltage 

The adjustment of load meter output voltage 
Maximum speed of position feedback signal detection 
Delay time for motor excitation 

Setting the overload detection time 

Speed detection level hysteresis 

Unexpected disturbance torque detection level 
Advanced feed-forward coefficient 

Incomplete integration coefficient 
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(4) For the sub-spindle motor, up to two gear switching stages can be 
specified. The input signal CTHIA is used to select one of the 
gear stages. (For the main spindle motor, up to four gear 
switching stages can be specified, using CTH1A and CTH2A.) 


Parameter No. 
151 | 16% | 303 





Description 


Gear ratio(SUB side/HIGH) 

Gear ratio(SUB side /LOW) 

Position gain on orientation(SUB side/HIGH) 
Position gain on orientation(SUB side/LOW) 
Position gain on servo mode(SUB side/HIGH) 
Position gain on servo mode(SUB side/LOW) 
































(5) For the sub-spindle motor, only one velocity integral gain stage 
can be specified. The CTHIA signal cannot be used for 
switching. 


Parameter No. 
15i | 16% | 30: 





Description 


Velocity loop integral gain on the velocity control mode 
(SUB side) 

Velocity loop integral gain on orientation (SUB side) 
Velocity loop integral gain on servo mode (SUB side) 
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5.3 INCRMENTAL COMMAND TYPE SPINDLE ORIENTATION 
(SPINDLE ROTATION SPEED CONTROL) 


5.3.1 Overview 


Incremental command type spindle orientation is a function that 

expands the spindle orientation in which a stop position is specified 

externally using a position coder. 

This function is intended to move the spindle from the position where 

it was when a spindle orientation command was input to a position 

specified incrementally. It positions the spindle as follows: 

The spindle rotates from the position where it was when a spindle 

orientation command was input through an incremental angle 

specified from the PMC via the CNC. When the spindle orientation is 

completed, a completion signal is sent to the PMC via the CNC. 

Using the function enables: 

(i) Spindle motor-based turret indexing 

(11) Spindle rotation speed control if a command multiplier value 
(parameter-specified value) is set to "4096" 


NOTE 

1 Using this function requires the spindle orientation 
CNC software option. 

2 The maximum spindle speed that can be specified 
is shown below: 


9D50 series N edition or earlier, 9D70 series E 
edition or earlier: 

120 rotations 

9D50 series O edition or later, 9D70 series F edition 
or later, 9D80 series A edition or later: 

30000 rotations 





5.3.2 Series and Editions of Applicable Spindle Software 


Spindle software 

Series Edition Usable CNC 
A (01) edition or later | FS16i/FS18i/ FS21i/ FS0i/ FS15i 
A (01) edition or later | FS30i / FS31i/ FS32i 
FS16i/FS18i/ FS21i/ FS0i/ FS15i 
FS30i / FS31i / FS32i 








A (01) edition or later 
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5.3.3 System Configuration 


The incremental command type spindle orientation function can be 
used in the following system configuration. 


(1) When the ai position coder is used 


Spindle motor with built-in 
aiM sensor (or aiMZ sensor) 





Directly connected or connected with a gear or 
timing belt at a ratio of 1:1 


(2) When the o position coder S is used 


Spindle motor with built-in aiM 
sensor (or aiMZ sensor) 







== 


| Spindle 























Directly connected or connected with a gear or 
timing belt at a ratio of 1:1 


(3) When the built-in motor is used 
aiBZ sensor or aiCZ sensor 


Spindle+ 
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(4) When the spindle motor with built-in aiMZ sensor is used 
Spindle motor with built-in 
aiMZ sensor 










Directly connected or connected with a gear or 
timing belt at a ratio of 1:1 


(5) When the separate type oiBZ sensor or the separate type aiCZ sensor is 
used 


Spindle motor with built-in oiM 
sensor (or aiMZ sensor) 


aiBZ sensor or aiCZ sensor 





(6) When the external one-rotation signal (proximity switch) is used 


Spindle motor with built-in aiM 
sensor (or aiMZ sensor) 








External one-rotation 
signal switch (proximity 


switch 
Gear or timing belt 
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NOTE 

1 To detect the one-rotation signal securely, fix the 
direction (bits 3 and 2 of parameter No. 4003) in 
which the spindle rotates during spindle orientation 
to one direction. 

Specify the type (bits 3 and 2 of parameter No. 
4004) of an external one-rotation signal (proximity 
switch). 

To detect the one-rotation signal securely, set the 
spindle orientation speed (parameter No. 4038) to a 
value between 50 and 100 min” according to the 
specification of the external one-rotation signal 
(proximity switch). 

4 Asequence for detecting the one-rotation signal is 
started after the orientation speed has been 
reached. 

Specify the denominator/numerator parameters 
(Nos. 4171 to 4174) of an arbitrary gear ratio 
between the motor sensor and spindle. 





(7)System in which the turret and the motor with a built-in aiMZ sensor are linked 
with gears and a clutch (for turret indexing) 


[OL motor with built-in 
roma sensor 






(isod j00}) JeunL 


a 


Link with gears and a clutch 
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5.3.4 1/0 Signals(CNC<>PMC) 


(1) Address list of input signals (PMC—>CNC) 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


ist- 
2nd- 


151 
G227 
G235 


G229 
G237 


G230 
G238 


G231 
G239 


16i 
G070 
G074 


G072 
G076 


G078 
G080 


G079 
G081 


30 
G070 
G074 


G072 
G076 


G078 
G080 


G079 
G081 






#7 #6 #5 #4 #3 #2 #1 #0 
| forcmal | crt crea] | 
| forcws] | crs forme} | 


| | vem} | nro | roraa | inoxa | 
| | fncmo] | row J rotas | iwoxe | 


| siao7 | sans | saos | saos | saos | sHaoz | sHaot | sHa0o | 
| suB07 | sueos | supos | spo | sBos | sneoz | sue01 | suB00 | 
pf strats [ strato | stiao | stiaos | 
PTT sists [ stxst0 ] srb00 | si0s | 





(2) Details of input signals (PMC—>CNC) 
(a) Incremental command data selection signal (INCMDA) 


The INCMDA signal is for selecting the data type (stop position data 
or incremental command data) of externally specified data (SHA0O to 
SHA11). 

0: Stop position data 

1: Incremental command data 


(b) Short-cut command for spindle orientation stop position change (NRROA) 


The NRROA signal is disabled if incremental command type spindle 
orientation is enabled (INCMDA = 1). 


(c) Spindle orientation command (ORCMA) 

(d) Clutch/gear signals (CT1HA and CTH2A) 

(e) Spindle orientation stop position change command (INDXA) 

(f) Rotation direction command for spindle orientation stop position change 


(ROTAA) 


The functions of the input signals ORCMA, CTHI1A, CTH2A, 
INDXA, and ROTAA are the same as for position coder-method 
spindle orientation. See Section 2.2, "POSITION CODER METHOD 
SPINDLE ORIENTATION" in Part I. 


(g) Spindle orientation external stop position commands (SHA11 to SHAO0) 


These commands are treated as incremental command data if 
INCMDA = 1. 
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(3) Address list of output signals (CNC->PMC) 


151 167 301 #7 #6 #5 #4 #3 #2 


1st- F229 F045 F045 een ae a) 
oe eenet Fe 
Pe 
[aed 










1st- F221 F047 F047 
2nd- F247 F051 F051 


#1 
2nd- F245 F049 F049 
INCSTA 
INCSTB 


(4) Details of output signals (CNC-—>PMC) 
(a) Incremental command mode status signal (INCSTA) 

The INCSTA signal indicates the status of the INCMDA (incremental 
command data selection signal). 
0: INCMDA =0 
1: INCMDA=1 
Before performing incremental command type spindle orientation, 
make sure that this signal is "1". 


(b) Spindle orientation completion signal (ORARA) 
The function of the output signal ORARA is the same as for position 
coder-method spindle orientation. See Section 2.2, "POSITION 
CODER METHOD SPINDLE ORIENTATION" in Part I. 
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5.3.5 Examples of Sequences 


(1) Incremental operation 


ORCMA 
(Spindle orientation command) 


SHAO00-SHA1 1 
(Spindle orientation stop position 
command) 


INDXA 
(Spindle orientation stop position 
change command) 





a t 2 

| m 

INCMDA = ae 1 
(Stop position/incremental command | 


data selection command) 


a 
re a aa Flas 
(Rotation direction command for stop 


position change) 





Spindle position coeur z ee i 


Motor speed 





i cw: 
. <4> i <4> : : 
ORARA y 


(Spindle orientation completion signal) ee aes) eres, Sn eens a 


NOTE 


Set time t to 50 ms or over so that each signal can 
be confirmed. 





<1> The SHAO0O to SHA11 data is read as incremental command data 
if ORCMA rises under the condition of INCMDA = "1" when 
the spindle is at a halt (zero-speed detection signal SSTA = "1"). 
The spindle rotates through the specified incremental angle, 
starting from the position where it rested, and then stops. Its 
rotation direction is determined by ROTAA. 

<2> If incremental operation is continued, the SHA00 to SHAI1 data 
is read as incremental command data if INDXA falls under the 
condition of ORCMA = "1" and INCMDA = "1". The spindle 
rotates through the specified incremental angle, starting from the 
position where it rested, and then stops. Its rotation direction is 
determined by ROTAA. 


- 261 - 


FANUC AC SPINDLE MOTOR ai series 
5. FUNCTION DESCRIPTIONS FANUC BUILT-IN SPINDLE MOTOR Bil series B-65280EN/06 


<3> Incremental command data is specified in pulse units in a range 
from 0 to +4095 pulses. 
The rotation direction of the spindle is determined by ROTAA. 
If the command multiplier parameter (No. 4328) is specified, the 
spindle rotates through [command multiplier parameter] x 
[incremental command data] and then stops. The rotation 
direction parameter NRROA (bits 2 and 3 of parameter No. 
4003) is disabled during incremental operation. 

<4> When the position error gets in a parameter-specified range, the 
completion signal ORARA is output. 


(2) Example of using spindle orientation and incremental movement together 


ORCMA 


(Spindle orientation command) | | 
A tt 


cio ems ed OSES 


(Spindle orientation stop position y 


command) i Ue 


<1> ti <3> : 


: <2> 
INDXA [! Lb 
(Spindle orientation stop position : | Y | Y : 
: : , 


change command) 


Beene t : t 
INCMDA apie 
(Stop position/incremental Y | | : | ry | 
command data selection : 
command) 


(Rotation direction command for : : tit 
stop position change) 





NRROA 
(Short-cut command for stop 
position change) 


rr 


er Teer eee ee 


Spindle position 








Motor speed 


ORARA fa . _ i- | 


(spindle orientation completion 
signal) 


Set time t to 50 ms or over so that each signal can 
be confirmed. 
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<1> Stop at a fixed position as directed with an ordinary spindle 
orientation command 


In the first-time orientation after the power is switched on, 
the spindle rotates at the orientation speed. After detecting a 
one-rotation signal, it stops at a fixed position. In the 
second- and subsequent-time spindle orientation, the spindle 
stops at a fixed position within one rotation. 

The direction in which the spindle motor rotates depends on 
the setting of the rotation direction parameter (bits 2 and 3 
of parameter No. 4003). 

The SHAOO to SHA11 data is read as stop position 
command data if ORCMA rises under the condition of 
INCMDA = "0". The spindle rotates through the angle 
determined by [SHA00 to SHA11 value] + [value specified 
in the orientation stop position shift amount parameter (No. 
4077)], and then stops there. 


<2> Stop at a fixed position as directed with an incremental command 


See the previous page for incremental operations. 
If the command multiplier parameter (No. 4328) = 4096, 
spindle rotation speed control can be performed. 


<3> Fixed position specified with fixed position stop external setting 


The SHAOO to SHA11 data is read as stop position 
command data if INDXA falls under the condition of 
ORCMA = "1" and INCMDA = "0", the spindle rotates to a 
specified position and then stops there. 

The direction in which the spindle rotates is determined by 
NRROA and ROTAA. 

If NRROA = "1", the spindle rotates from the current stop 
position to a specified stop position through the shorter 
route (within +180°). 

If NRROA = "0", the direction in which the spindle rotates 
is determined by ROTAA. 


<4> If the position error gets in a parameter-specified range, the 
completion signal ORARA is output. 
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5.3.6 List of Related Parameters 


Parameter No. 
16: 30: 





Description 


Whether the spindle orientation function is available (to be set to "1") 


3015 #0 | 4015 #0 4015 #0 Lo : 
(The CNC software option is required.) 





Whether the stop position external setting-type spindle orientation 
5609#2 | 3702#3,#2| 3729#0 | function is available (to be set to "1") 

(For 16, #2: First spindle, #3: Second spindle) 

3328 4328 4328 Command multiplier for incremental command external setting data 














NOTE 
This subsection describes only the parameters 
specific to incremental command type spindle 
orientation. See Section 2.2, "POSITION CODER 
METHOD SPINDLE ORIENTATION" in Part I, for 
parameters related to other types of spindle 
orientation. 





5.3.7 Details of Related Parameters 


This subsection describes only the parameters specific to incremental 
command type spindle orientation. See Section 2.2, "POSITION 
CODER METHOD SPINDLE ORIENTATION" in Part I, for 
parameters related to other types of spindle orientation. 


15i 16i 30: 
3328 4328 = 4328 Command multiplier for spindle orientation by a position coder 





Unit of data : 
Valid data range: 0 to 32767 
Standard setting value: 0 
Set a command multiplier for the spindle orientation function with an 
externally set incremental command. 
If this data is "0", the multiplier is automatically assumed to be 1. 
Incremental command = incremental command data (SHA11 to 
SHAO00) x data (multiplier) specified in this parameter 
To use spindle rotation speed control, set this parameter to "4096", 
because one rotation of the spindle corresponds to 4096 pulses. 


NOTE 
The maximum speed (incremental command) that can be specified is: 
120 rotations (= 120 x 4096 pulses) 


9D50/N edition or earlier, 9D70/E edition or earlier 
30000 rotations (= 30000 x 4096 pulses) 
9D50/0 edition or later, 9D70/F edition or later, 9D80 series 
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5.4 HIGH-SPEED SPINDLE ORIENTATION 


5.4.1 Overview 


This high-speed spindle orientation function shortens the time 
required for spindle orientation of the spindle by: 

<1> Making the most of the ability of the motor to decelerate 

<2> Increasing the gain of the position loop 


NOTE 
Using this function requires the CNC software 
option for spindle orientation. 
This function cannot be used for spindle orientation 


during spindle synchronous control. 
This function does not support the speed unit 10 
min” (FS16i: Bit 2 of No. 4006 = 1). 





5.4.2 Series and Editions of Applicable Spindle Software 


Spindle software 

Series Edition Usable CNC 
A (01) edition or later | FS16i/FS18i/ FS21i/ FS0i/ FS15i 
A (01) edition or later | FS30i/ FS31i/ FS32i 
FS16i/FS18i/ FS21i/ FS0i/ FS15: 
FS30i / FS31i / FS32i 








A (01) edition or later 











5.4.3 | System Configuration 


Explained below is a system configuration in which the high-speed 
spindle orientation function is usable. 


NOTE 
This function cannot be used in an external 


one-rotation signal-based spindle orientation 
system in which a proximity switch is used. 
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(1) When the ai position coder is used 
Spindle motor with built-in aiM 
sensor (or aiMZ sensor) 





Directly connected or connected with a gear or 
timing belt at a ratio of 1:1 


(2) When the a position coder S is used 


Spindle motor with built-in aiM 
sensor (or aiMZ sensor) 





















Directly connected or connected with a gear or 
timing belt at a ratio of 1:1 


(3) When the built-in motor is used 
aiBZ sensor or aiCZ sensor 


Spindle+ 
Bult-in motor 
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(4) When the spindle motor with built-in aiMZ sensor is used 


Spindle motor with built-in 
aiMZ sensor 









Directly connected or connected with a gear or 
timing belt at a ratio of 1:1 


(5) When the separate type aiBZ sensor or separate type aiCZ sensor is used 


Spindle motor with built-in aiM 
sensor (or aiMZ sensor) 





aiBZ sensor or aiCZ sensor 
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5.4.4 


(1) Address list of input signals (PMC — CNC) 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


ist- 
2nd- 


VO Signals (CNC<>PMC) 


151 
G227 
G235 


G229 
G237 


G230 
G238 


G231 
G239 


161 
G070 
G074 


G072 
G076 


G078 
G080 


G079 
G081 


30: 
G070 
G074 


G072 
G076 


G078 
G080 


G079 
G081 






#7 #6 #5 #4 #3 #2 #1 #0 
| foremal | cra crea] | 
| forcws] | cre forme} | 


| | vem} | nro | roraa | inoxa | 
| | fnew] | ros J roras | ioxe | 


| sia07 | save | saos | sHaos | sHaos | sHaoz | sHaot | sHa0o | 
| suB07 | sueos | supos | spo | sBos | sneoz | sue01 | suB00 | 
pf start [ strato | stiaos | stiaos | 
PTT ststt | stxpt0 ] srb09 | si0s | 





(2) Details of input signals (PMC — CNC) 

Spindle orientation command (ORCMA) 

Clutch/gear signals (CTH1A and CTH2A) 

Spindle orientation stop position change command (INDXA) 

Rotation direction command for spindle orientation stop position change 
(ROTAA) 
Short-cut command for spindle orientation stop position change (NRROA) 
Incremental command data selection signal (INCMDA) 

Spindle orientation external stop position commands (SHA11 to SHAO0) 


(a) 
(b) 
(c) 
(d) 


(e) 
(f) 
(g) 


The functions of the input signals ORCMA, CTHI1A, CTH2A, 
INDXA, ROTAA, NRROA, INCMDA, and SHA11 to SHAO0 are the 
same as for position coder-method spindle orientation and incremental 
command type spindle orientation. See Sections 2.2, "POSITION 
CODER-METHOD SPINDLE ORIENTATION," and _ 5.3, 
"INCREMENTAL COMMAND TYPE SPINDLE ORIENTATION" 
in Part I. 


- 268 - 


FANUC AC SPINDLE MOTOR ai series 
B-65280EN/06 FANUC BUILT-IN SPINDLE MOTOR Bil series 5.FUNCTION DESCRIPTIONS 


(3) Address list of input signals (CNC —+ PMC) 


151 167 301 #7 #6 #5 #4 #3 #2 


1st- F229 F045 F045 fe fe 
or re) 
coe 
food 










#1 
2nd- F245 F049 F049 
INCSTA 
INCSTB 


1st- F221 F047 F047 
2nd- F247 F051 F051 


(4) Details of input signals (CNC > PMC) 

(a) Incremental command mode status signal (INCSTA) 

(b) Spindle orientation completion signal (ORARA) 
The functions of the output signals ORARA and INCSTA are the 
same as for position coder-method spindle orientation and incremental 
command type spindle orientation. See Sections 2.2, "POSITION 
CODER METHOD SPINDLE ORIENTATION," and 5.3, 
"INCREMENTAL COMMAND TYPE SPINDLE ORIENTATION" 
in Part I. 
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5.4.5 Sequence 


This subsection describes the operations of high-speed spindle 
orientation. See Sections 2.2, "POSITION CODER-BASED 
SPINDLE ORIENTATION," and ‘5.3, "INCREMENTAL 
COMMAND TYPE SPINDLE ORIENTATION" in Part I, for 
concrete examples of sequences 


(1) Starting spindle orientation when the spindle is rotating at or faster than 
the orientation speed upper limit 


ORCMA 


(spindle orientation command) 


ORARA 


(spindle orientation completion signal) 








Motor speed 






seeeeed 











<1> If the spindle orientation command (ORCMA) is input when the 
spindle is rotating at or faster than the orientation speed upper 
limit specified in parameter No. 4038, the spindle is decelerated 
to the orientation speed upper limit. 

<2> A one-rotation signal is detected (only at the first-time spindle 
orientation after the power is switched on). 

<3> The spindle decelerates at the acceleration specified as an 
acceleration during motor deceleration in parameter Nos. 4320 to 
4323. 

<4> When the spindle speed becomes lower than or equal to the value 
calculated within the software, the position loop is controlled at 
the position gain specified as a spindle orientation position gain 
in parameter Nos. 4060 to 4063. 

<5> When the position error becomes lower than or equal to the 
number of pulses specified as a spindle orientation completion 
signal level in parameter No. 4075, the spindle orientation 
completion signal (ORARA) is output. 
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(2) Starting spindle orientation when the spindle is rotating at a speed 
between the orientation speed lower limit and the orientation speed upper 


limit 


ORCMA 
(spindle orientation command) 


ORARA 


(spindle orientation completion signal) 


Motor speed 











Ped> 


peor dontedesefeaseendenbenbeeenbenbenfeedeerben dese 














<1> If the spindle orientation command (ORCMA) is input when the 


<2> 


spindle is rotating at a speed between the orientation speed upper 
limit specified in parameter No. 4038 and the orientation speed 
lower limit (calculated within the software), a one-rotation signal 
is detected (only at the first-time spindle orientation after the 
power is switched on). 

The spindle decelerates at the acceleration specified as an 
acceleration during motor deceleration in parameter Nos. 4320 to 
4323. 


<3> When the spindle speed becomes lower than or equal to the value 


<4> 


calculated within the software, the position loop is controlled at 
the position gain specified as a spindle orientation position gain 
in parameter Nos. 4060 to 4063. 

When the position error becomes lower than or equal to the 
number of pulses specified as a spindle orientation completion 
signal level in parameter No. 4075, the spindle orientation 
completion signal (ORARA) is output. 
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(3) Starting spindle orientation when the spindle is rotating at or slower than 
the orientation speed lower limit 


ORCMA 
(spindle orientation command) 


ORARA 


(spindle orientation completion signal) 


Motor speed 














<1> If the spindle orientation command (ORCMA) is input when the 


<2> 


<3> 


spindle is rotating at or slower than the orientation speed lower 
limit (calculated within the software), a one-rotation signal is 
detected (only at the first-time spindle orientation after the power 
is switched on). 

The spindle accelerates at the acceleration specified as an 
acceleration during motor deceleration in parameter Nos. 4320 to 
4323. 

The spindle decelerates at the acceleration specified as an 
acceleration during motor deceleration in parameter Nos. 4320 to 
4323. 


<4> When the spindle speed becomes lower than or equal to the value 


<5> 


calculated within the software, the position loop is controlled at 
the position gain specified as a spindle orientation position gain 
in parameter Nos. 4060 to 4063. 

When the position error becomes lower than or equal to the 
number of pulses specified as a spindle orientation completion 
signal level in parameter No. 4075, the spindle orientation 
completion signal (ORARA) is output. 
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List of Related Parameters 


Parameter No. 





3015 #0 


16i 


4015 #0 


4015 #0 


Description 


Whether the spindle orientation function is available (to be set to "1") 
(The CNC software option is required. ) 





3018 #6 


4018 #6 


4018 #6 


High-speed spindle orientation function (to be set to "1") 





5609#2 


3702#3,#2 


3729#0 


Whether the stop position external setting-type spindle orientation function 
is available 
(For 16i, #2: First spindle, #3: Second spindle) 





3003 #0 


4003#0 


4003#0 


Spindle orientation type selection (to be reset to "0") 





3003#3,#2 


4003#3,#2 


4003#3,#2 


Rotation direction for spindle orientation (to be reset to "0, 0" or to be set to 
"0, 1") 





3017#7 


4017#7 


4017#7 


Short-cut function when spindle orientation from stopped state is specified 





3018#5 


4018#5 


4018#5 


Whether the speed command correction function for high-speed spindle 
orientation is available 





3031 


4031 


4031 


Spindle orientation stop position 
(This parameter is invalid for stop position external setting type and 
incremental command external setting type.) 





3038 


4038 


4038 


Orientation speed upper limit 





3042 
3043 


4042 
4043 


4042 
4043 


Velocity proportional gain on orientation 
(These parameters are selected with the input signal CTH1A.) 





3050 
3051 


4050 
4051 


4050 
4051 


Velocity integral gain on orientation 
(These parameters are selected with the input signal CTH1A.) 





3056 to 3059 


4056 to 4059 


4056 to 4059 


Gear ratio data between spindle and motor 
(These parameters are selected with the input signals CTH1A and 
CTH2A.) 





3060 to 3063 


4060 to 4063 


4060 to 4063 


Position gain on orientation 
(These parameters are selected with the input signals CTH1A and 
CTH2A.) 





3064 


4064 


4064 


Percentage limit to an acceleration during deceleration 





3075 


4075 


4075 


Orientation completion signal detection level 





3077 


4077 


4077 


Orientation stop position shift value 





3084 


4084 


4084 


Motor voltage on orientation 





3320 to 3223 


4320 to 4323 


4320 to 4323 


Acceleration during motor deceleration 
(These parameters are selected with the input signals CTH1A and 
CTH2A.) 





3326 
3330 


4326 
4330 


4326 
4330 


Acceleration limitation start soeed during deceleration 
(These parameters are selected with the input signal CTH1A.) 





3328 


NOTE 


4328 








4328 





Command multiplier for orientation 


See Section 1.3, "PARAMETERS RELATED TO DETECTORS’ in Part I, for 
parameters related to detectors. 

See Section 4.1, "VELOCITY LOOP GAIN ADJUSTMENT" in Part I, for velocity loop 
proportional/integral gain tuning. 

When using the high-speed spindle orientation function, set the parameters (bits 3 
and 2 or parameter No. 4003) for rotation direction for spindle orientation with the 
previous rotation direction (0, 0 or O, 1). 
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15i 16i 30i 
3018 4018 4018 
HSVCM : 
HSORI: 


151 161 30: 
3003 4003 4003 


DIRCT1, DIRCT2 


PCMGSL : 


151 161 30: 
3017 4017 4017 


NRROEN 





FANUC AC SPINDLE MOTOR ai series 
B-65280EN/06 


Details of Related Parameters 


#7 #6 #5 #4 #3 #2 #1 #0 

| | usor[usvem] | | | 
Velocity command compensation function in high-speed spindle 
orientation is: 

0: Disabled. 


1: Enabled. 
Usually, set this parameter to "1". 


High-speed spindle orientation function 1s : 
0: Disabled 

1: Enabled 

Set to 1. 


#7 #6 #5 #4 #3 #2 #1 #0 


DIRCT2 | DIRCT1 PCMGSL 


Rotation direction at spindle orientation 
DIRCT2 | DIRCT1 Rotation direction 

By rotation direction immediately before (CCW for the 

first-time spindle orientation after the power is switched 

on) 

By rotation direction immediately before (CW for the 

first-time spindle orientation after the power is switched 

on) 

CCW direction looking from shaft of motor 

CW direction looking from shaft of motor 

















NOTE 


When using the high-speed spindle orientation 
function, specify the rotation direction for spindle 
orientation to be the previous rotation direction (bits 
3 and 2 of parameter No. 4003 = 0 and 0 or O and 1). 


Orientation method selection 
Set to 0. 


veroen] | | CT CT 
The short-cut function when spindle orientation from stopped state is 
specified is: 

0: Unavailable 

1: Available 

If the setting is "1", a short-cut is made provided that the following 
conditions are satisfied. 

i) Bit 7 of parameter No. 4016 (RFCHK3) = 0 

ii) Zero-speed detection signal (output signal) SST = 1 

iii) Short-cut command (input signal) NRROA = 1 


STAs 
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151 161 30: 
3031 4031 4031 


Unit of data : 
Valid data range : 
Standard setting value : 


151 16i 30i 
3038 4038 4038 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3042 4042 4042 
3043. 4043 4043 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3050 4050 4050 
3051 4051 4051 


Unit of data : 
Valid data range : 
Standard setting value : 


FANUC BUILT-IN SPINDLE MOTOR Bil series 5.FUNCTION DESCRIPTIONS 


Position coder method orientation stop position 


1 pulse unit (360 degrees/4096) 

0 to 4095 

0 

This data is used to set the stop position of position coder method 
spindle orientation. This parameter is invalid for stop position external 
setting-type and incremental command external setting-type spindle 
orientation. Instead, the stop position commands (SHA11 to SHA00) 
(input signals) are valid. 


Spindle orientation speed upper limit 


min" 

0 to 32767 

0 

This data is used to specify the upper limit to the orientation speed of 
an spindle end. If the setting is "0", the parameter is assumed to be set 
with a value converted for the spindle from the excitation voltage 
saturation speed with no load on the motor (parameter No. 4102, 
low-speed characteristic parameter No. 4140). 


Velocity proportional gain on orientation (HIGH) CTH1A=0 





Velocity proportional gain on orientation (LOW) CTH1A=1 


0 to 32767 

10 

This data is used to set the velocity loop proportional gain on 
orientation. 


Velocity integral gain on orientation (HIGH) CTH1A=0 


Velocity integral gain on orientation (LOW) CTH1A=1 





0 to 32767 

10 

This data is used to specify a velocity loop integral gain for spindle 
orientation. 
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157 167 30 


3056 4056 4056 
3057 4057 4057 
3058 4058 4058 
3059 4059 4059 

Unit of data : 
Valid data range : 


Standard setting value : 


157 167 301 


3060 4060 4060 
3061 4061 4061 
3062 4062 4062 
3063 4063 4063 

Unit of data : 
Valid data range : 


Standard setting value : 


151 16i 30i 
3064 4064 4064 


Unit of data : 
Valid data range : 
Standard setting value : 


151 16: 30i 


3075 4075 4075 


Unit of data : 
Valid data range : 
Standard setting value : 


FANUC AC SPINDLE MOTOR ai series 
B-65280EN/06 


Gear ratio (HIGH) 
Gear ratio (MEDIUM HIGH) 
Gear ratio (MEDIUM LOW) 
Gear ratio (LOW) 


CTH1A=0, CTH2A=0 
CTH1A=0, CTH2A=1 
CTH1A=1, CTH2A=0 
CTH1A=1, CTH2A=1 


Number of motor rotations per spindle rotation / 100 

(Number of motor rotations per spindle rotation / 1000 if bit 1 of 
parameter No. 4006 (GRUNIT) = 1) 

3 to 3000 

(33 to 30000 if bit 1 of parameter No. 4006 (GRUNIT) = 1) 

100 


NOTE 
The range of gear ratios supported by this function is: 
1:30 to 30:1 


CTH1A=0, CTH2A=0 
CTH1A=0, CTH2A=1 
CTH1A=1, CTH2A=0 
CTH1A=1, CTH2A=1 


Position gain on orientation (HIGH) 
Position gain on orientation (MEDIUM HIGH) 
Position gain on orientation (MEDIUM LOW) 





Position gain on orientation (LOW) 


0.01sec™ 

0 to 32767 

1000 

These data are used to set the position gain on spindle orientation. 


Percentage limit to an acceleration during deceleration 


1% 

0 to 100 

100 

This data is used to specify the percentage limit to an acceleration 
during deceleration if spindle orientation is started when the spindle 
speed is lower than or equal to the limitation start seed for an 
acceleration during deceleration (parameter Nos. 4326 and 4330). 
Usually, specify "100". 


Orientation completion signal detection level (effective area for in-position 


check) 





+1 pulse unit (360 degrees/4096) 

0 to 100 

10 

This data is used to set the detecting level of orientation completion 
signal (ORARA). ORARA = | is satisfied if the position error is 
within the setting. 
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151 
3077 


151 
3084 


151 161 30i 
3320 4320 4320 
3321 4321 4321 
3322 4322 4322 
3323 4323 4323 

Unit of data : 
Valid data range : 


Standard setting value : 


FANUC AC SPINDLE MOTOR ai series 
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16: 
4077 


Unit of data : 
Valid data range : 
Standard setting value : 


16i 
4084 


Unit of data : 
Valid data range : 
Standard setting value : 


30i 
4077 


30i 
4084 


Orientation stop position shift value 


+1 pulse unit (360 degrees/4096) 
-4095 to 4095 


Oo 


This data is used to specify the shift amount of the spindle orientation 
stop position. If a positive value is specified, the position where the 
spindle stops is shifted counterclockwise. 


Motor voltage setting on orientation 


1% 

0 to 100 

Depends on the motor model. 

This data is used to specify the motor voltage for spindle orientation. 
For high-speed spindle orientation, usually specify "100". 


Acceleration during motor deceleration (HIGH) CTH1A=0, CTH2A=0 


Acceleration during motor deceleration (MEDIUM HIGH) CTH1A=0, CTH2A=1 





Acceleration during motor deceleration (MEDIUM LOW) CTH1A=1, CTH2A=0 
Acceleration during motor deceleration (LOW) CTH1A=1, CTH2A=1 


10min’'/sec 

0 to 6400 

0 

This data is used to specify the acceleration during motor deceleration 
for high-speed spindle orientation. If the setting is "0", the high-speed 
spindle orientation function is disabled, and the standard-type spindle 
orientation function is enabled. The setting for the parameter is 
obtained, using: 


60 
Acceleration during deceleration = 7* oe x (0.8 to 0.9) 
1 


where 

t(Nm): Motor maximum torque at spindle orientation speed upper 
limit (parameter No. 4038) 

J(kgm2): Motor inertia + load inertia 
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151 16i 30i 
3326 4326 4326 


3330 4330 4330 


Unit of data : 
Valid data range : 
Standard setting value : 


151 161 30i 
3328 4328 4328 


Unit of data : 
Valid data range : 
Standard setting value : 


FANUC AC SPINDLE MOTOR ai series 


B-65280EN/06 





Acceleration limitation start speed during deceleration (HIGH) CTH1A=0 
Acceleration limitation start speed during deceleration (LOW) CTH1A=1 
Imin'! 
0 to 32767 
0 


This data is used to specify the motor speed at which limitation on the 
acceleration during deceleration is started. If the setting is "0", the 
parameter is assumed to be set with the spindle orientation lower limit 
speed calculated within the software. 


Command multiplier for spindle orientation by a position coder 


0 to 32767 

0 

Set a command multiplier for the spindle orientation function with an 
externally set incremental command. 

When 0 is set in this parameter, 1 is assumed to have been specified. 
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5.4.8 Spindle Data Used in Tuning 


This subsection describes high-speed spindle orientation-related data 
that can be observed using the spindle check board 
(A06B-6078-H001). Refer to an applicable maintenance manual for 
detailed explanations about how to use the spindle check board. 


(1) Motor speed (data No. 19) and motor speed command (data No. 16) 
These are spindle motor speed data and speed command data. The 
following table lists the relationships between the shift amount and the 
check board output value (if shift direction 0 and offset 1 are 
specified). 


Shift amount 15 16 17 18 19 20 
Output value (min”/5V) 1024 | 2048 | 4096 8192 | 16384 | 32768 
(2) Torque command (data No. 90) 
This is motor torque command data. If shift amount 8, shift direction 0, 


and offset 1 are specified, the check board output value is 100%/2.5 
V. 





(3) Spindle orientation sequence (data No. 298) 
This data represents a high-speed spindle orientation sequence. If shift 
amount 4, shift direction 1, and offset 1 are specified, the check board 
output and the state of each sequence interval are as follows: 


hanna cunemei ah, 4.375V A: Before spindle orientation begins 


B : Interval from the instant when an 
spindle orientation command is input 
and the instant which the orientation 
speed is reached and a one-rotation 
signal is detected 


: Interval during which the spindle is 
linearly decelerating with a constant 
specified for deceleration 


D : State in which the position loop is 
closed 





E : Spindle orientation is completed (in- 
position) 





A B : G Spee vie 


(4) Position error (data No. 136) 
This is position error data (4096 pulses/rev) for spindle orientation. 
The following table lists the relationships between the shift amount 
and check board output value (when shift direction 0 and offset 1 are 
specified). 


Shift amount 0 1 2 3 4 5 
Output value (pulses/5 V)}_ 128 256 512 1024 | 2048 | 4096 
The position error data is output only in sequence intervals C, D, and 

E. It is 0 in the other intervals. 
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(5) Spindle orientation time (data No. 305) 
This is the time from the instant when a spindle orientation command 
is input to the instant when spindle orientation is completed. It is 
indicated in ms units on the check board indicator (when shift amount 
0, shift direction 0, and display format 0 are specified). 


9.4.9 


Tuning Procedure 


Tune the parameters according to the following procedure. The ability 
of a motor to decelerate varies with the load inertia on the motor. 
When tuning, mount a tool with the highest possible load inertia on 
the spindle. If such a tool is unavailable, allow a considerable margin 
in specifying an acceleration during deceleration. 


(1) Parameter initialization 
Initialize the parameters related to high-speed spindle orientation as 


4003#0 


listed below. 


Description 
Selecting a spindle orientation type 


Initial setting 
0 





4003#3,#2 


Spindle rotation direction at orientation 


Select a rotation direction. 





4006#1 


Unit of gear ratio setting 


Specify an appropriate value depending 
on the system configuration. 





4017#7 


Short-cut function when spindle orientation from 
stopped state is specified 


Specify an appropriate value according 
to the use of the machine. 





4018#5 


Whether a speed command correction function for 
high-speed spindle orientation is available 


1 





4018#6 


High-speed spindle orientation function 


1 





4031 


Spindle orientation stop position 


Specify a stop position. 





4038 


Spindle orientation speed upper limit 


0 





4042 to 4043 


Velocity proportional gain on orientation 


10 





4050 to 4051 


Velocity integral gain on orientation 


10 





4056 to 4059 


Gear ratio 


Specify an appropriate value depending 
on the system configuration. 





4060 to 4063 


Position gain on orientation 


3000 





4064 


Percentage limit to an acceleration during deceleration 


100 





4075 


Orientation completion signal detection level 


Specify an appropriate value according 
to the use of the machine. 





4077 


Orientation stop position shift value 


Specify a stop position. 





4084 


Motor voltage on orientation 


100 





4320 to 4323 


Acceleration during motor deceleration 


Tune according to actual 
measurements. 





4326,4330 


Acceleration limitation start speed during deceleration 


0 





4328 





Command multiplier for orientation 
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NOTE 

1 Spindle alarm 21 is issued if the relation (bit 0 of parameter No. 4000) between the 
spindle and motor rotation direction and/or the setting of the spindle sensor mounting 
direction (bit 4 of parameter No. 4001) is incorrect. 
The time required for spindle orientation may get abnormally long if the gear ratio 
resolution (bit 1 of parameter No. 4006) setting and/or gear ratio (parameter Nos. 
4056 to 4059) setting is incorrect. 


To switch the winding of the spindle motor with speed range switching control from 
high-speed winding to low-speed winding during spindle orientation 
command-specified deceleration, set the orientation speed upper limit (parameter 
No. 4038) to the base speed of the low-speed winding or lower. 

In the sequence enters interval C (where linear deceleration takes place with a 
parameter-specified time constant), the time required for spindle orientation may get 
abnormally long. 





(2) Initial setting of the acceleration during deceleration (parameter Nos. 4320 
to 4323) 

Run a real machine on the velocity control mode (regular operation 
mode), and decelerate it from the base speed wg (see the following 
expression). 
Base speed ®g = parameter No. 4102 x parameter No. 4117/100 (if 
parameter No. 4038 = 0), or 
= parameter No. 4038 (if parameter No. 4038 # 0) 
Then, measure the time the real machine takes to decelerate, set up the 
initial acceleration during deceleration Tc from the measured 
deceleration time according to the following expression (see the figure 
below): 
Acceleration during deceleration = base speed/time taken to decelerate 
from the base speed to a halt/10 (in 10 min/s) 





Example of setting an initial acceleration during deceleration 






fond eeiee bedrock eben oberon becker ga foc bedeebbedcdbe deed aie 


Si TM 


Motor speed (data 
No. 19) 


Motor speed command 
(data No. 16) 


Time taken to decelerate from the 
: base speed to a halt : 




















(3) Tuning the velocity loop proportional gain (parameter Nos. 4042 and 4043) 
and integral gain (parameter Nos. 4050 and 4051) 
Tune the velocity loop proportional/integral gain while referencing 
Section 4.1, "VELOCITY LOOP GAIN ADJUSTMENT" in Part I. 
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(4) Tuning the position gain 
Basically, the position gain needs no adjustment. If you want to 
increase the setting for the position gain, do not increase it over 4000. 


(5) Tuning the acceleration during deceleration (parameter Nos. 4320 to 4323) 
Start spindle orientation when the spindle is running at the spindle 
maximum rotation speed, and tune the acceleration during 
deceleration so that the torque command will not be saturated when 
the motor starts linear deceleration (the beginning of interval C in the 
sequence). (See the following figure.) 


Example 1 of deceleration time constant adjustment (good case) 
: : : : =p 
























Spindle criehtation: seqi juence | 


Bas a No. oe 








Enlarged 
—_—_— 







SS ee a pestonnsbonioefeedoebnbesfeienomberenbeeonsbenoeleefenresforensbengeeeefeeesetenonbooeniebobesdeetet ef feelers 


fom fy 


Torque command 
... (data No. 90)... // 






























Example 2 of deceleration time constant adjustment (bad case) 








Enlarged 
__ 
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(6) Tuning the percentage limit to an acceleration during deceleration 
(parameter No. 4064) 


(a) Deciding whether or not to tune the percentage limit to an acceleration during 


deceleration 

Start spindle orientation when the spindle is running at the 
base speed wx. (See the figure below.) If the torque command 
is saturated in sequence intervals C or D, it is necessary to 
tune the percentage limit to an acceleration during 
deceleration. 

If the torque command is not saturated, stop tuning the 
spindle orientation. 








Case in which parameter tuning is necessary Case in which parameter tuning is unnecessary 









fox | 


Torque command = 











Hecandhs alice _ {data No. ee cal Eee Gl ae Oe ae wo J }Not saturated. (food 
‘ - 2s - Saturated. ites at | Ee hid nla al cesses 
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(b) Tuning the percentage limit to an acceleration during deceleration 
Specify the acceleration limitation start speed during deceleration @ 5 
(parameter Nos. 4326 and 4330) as follows: 
Acceleration limitation start speed during deceleration ws = 1.1 x 
base speed @, 
Then, decrease the percentage limit to an acceleration during 
deceleration (parameter No. 4064) until the torque command will not 
be saturated at the end of sequence interval C or in sequence interval 
D. In this case, there is no problem even if the torque command is 
about to be saturated at the beginning of sequence interval C. (See the 
following figure.) 


Example 1 of the percentage limit to an 
acceleration during deceleration (bad case) 










Spindle orientation 
Sequence:(data:No. 298) 








Torque command 
Lk ex (data No. 90) _ 


Rou NGE al oatt 
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ration (good case) 
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(7) Tuning the acceleration limitation start speed during deceleration 
(parameter Nos. 4326 and 4330) 
If you tuned the percentage limit to an acceleration during 
deceleration as explained in item (6), tune also the acceleration 
limitation start speed during deceleration. 


(a) Deciding whether or not to tune the acceleration limitation start speed during 
deceleration 

Start spindle orientation when the spindle is running at 10 min’ 
+ acceleration limitation start speed during deceleration @,s, 
which is an initial setting used when the percentage limit to an 
acceleration during deceleration is tuned. (See the following 
figure.) In this case, it is necessary to tune the percentage limit to 
an acceleration during deceleration if the torque command is 
saturated in sequence interval C or D. 

If the torque command is not saturated, stop tuning the spindle 











orientation. 
Case in which parameter tuning is necessary Case in which parameter tuning is 
unnecessary 
} D 
sane wae + ee eee 
A e = E 


Spindle orientation : 
sequence (data No. 298) + 

















orque commands 25% _ 
(data. No: 90) oy had. 























(b) Tuning the acceleration limitation start speed during deceleration 

Increase the acceleration limitation start speed during 
deceleration (parameter Nos. 4326 and 4330) until the torque 
command will not be saturated at the end of sequence 
interval C or in sequence interval D even when spindle 
orientation is started when the spindle is running at 10 min" 
+ acceleration limitation start speed during deceleration @,s. 
Similarly to item (6), there is no problem even if the torque 
command is about to be saturated at the beginning of 
sequence interval C. 
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5.5 SPINDLE ORIENTATION DURING SPINDLE 
SYNCHRONIZATION CONTROL 


5.5.1 Overview 


This function performs orientation stop operation (orientation during 

spindle synchronous control) in the direction/stop position specified 

externally while keeping synchronization between spindles during 

spindle synchronous control. 

Using spindle orientation during spindle synchronous control 

(hereafter simply called synchronous orientation) enables the 

following operations: 

e  Loading/unloading of an irregular-shape workpiece during 
spindle synchronous control 

e Side-facing of a workpiece that must be held at both ends (such 
as a long workpiece) after it is indexed 


NOTE 

1 Using this function requires the CNC software 
option for spindle synchronous control. 

2 This function is an add-on to the spindle 
synchronous control function. This section focuses 
on the add-on. 

Using this function requires the enabling of the stop 


position externally setting spindle orientation 
function. 

Some parameter specifications related to the ai 
series spindle amplifiers differ from those related to 
the a series. See Subsection 5.5.6, "Details of 
Related Parameters." 





5.5.2 Series and Editions of Applicable Spindle Software 


Spindle software 

Series Edition Usable CNC 
E (05) edition or later _| FS16i/FS18i/ FS21i/ FSO0i 
A (01) edition or later | FS30i / FS31i / FS32i 
FS16i/FS18i / FS21i / FSOi 
FS30i / FS31i / FS32i 








A (01) edition or later 
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5.5.3 Specification 


Synchronous orientation 


During spindle synchronous control, inputting the synchronous 
orientation command (SPPHS rising edge when SORENA = 1) can 
stop spindle orientation with two spindles kept in synchronization. 


NOTE 

1 If bell-shaped Acc./Dec. is already enabled, it is 
kept enabled during synchronous orientation. 

2 If you changed parameters or sequences, 


disconnect each spindle for safety purposes, and 
then run the machine to check carefully the 
direction in which each spindle rotates, the position 
where each spindle stops, and whether a 
synchronous error occurs. 





Reference position (phase) setting 


Before issuing a synchronous orientation command, it is necessary to 
perform reference position (phase) setting for the two spindles. 
Set the reference position of each of the spindles using spindle phase 
synchronous control. 
If spindle phase synchronous control is performed with synchronous 
speed command = "0", the spindles stop at: 
[One-rotation signal position] + [shift amount during spindle 
synchronous control (parameter No. 4034)] 
This position is used as a reference position (stop position where 
SHA11 to SHAOO are all Os) for the synchronous orientation stop 
position. 


NOTE 

1 Before inputting the spindle phase synchronous 
control command (SPPHS), make sure that both 
the spindles are rotating at the synchronous speed 
and they remain synchronized (FSPSY = 1). If the 


synchronous control command is issued before the 
spindles start rotating at the synchronous speed, 
they get out of phase. 

In addition, before inputting the phase synchronous 
command, disconnect both spindles. 
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Synchronous orientation stop position 
SHA11 to SHAOO are used to specify the spindle stop position for 
synchronous orientation. Specify the desired shift amount relative 
from the reference position explained above. 


NOTE 

1 Be sure to specify the same reference position for 
both the spindles. If you fail to specify the same 
spindle position, it is impossible to maintain spindle 
synchronization. 

2 Also specify the direction in which each spindle 
rotates during synchronous orientation, using 
ROTAA. The direction in which each spindle must 
rotate to keep itself in synchronization with the 
other spindle varies depending on the machine 
configuration. Be sure to specify the correct 
direction according to the machine condition so that 
the spindles are maintained in synchronization. If 
you fail to specify the correct direction, it is 
impossible to maintain spindle synchronization. 
Keep these signals (SHA11 to SHAOO and ROTAA) 
in the stated status until synchronous orientation is 
completed. 
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5.5.4 I/O Signals (CNC <> PMC) 


(1) Address list of input signals (PMC — CNC) 
(a) For path 1 
16i 30i #7 #6 #5 #4 #2 #1 #0 











#3 
Go38 6038 [sppus | spsyc | 











1st- G072 G072 ROTAA 


2nd- G076 G076 ROTAB 




















1st- G073 G073 SORSLA 








2nd- G077 G077 SORSLB 





























st Go78_ 6078 | snao7 | sHaos | sHaos | sHaos | sHaos | sHaoz | sHaot | sta0o | 
and- 6080 6080 |_snpor | sHBo6 | sHB05 | SHBO4 | sHpoz | spot | sHB00_ 
| suato | sHaoo | SHAds_ 
| sue10 | seo | sHBos | 


1st- G079 G079 


ee 
anc. cost cost {| | | 


SHA11 


(b) For path 2 
16i 303 #7 #6 #5 #4 #3 #2 #1 #0 











G1038 G1038 SPSYC 











1st- G1072 G1072 ROTAA 


2nd- G1076 G1076 ROTAB 




















1st- G1073 G1073 SORSLA 


























2nd- G1077 G1077 SORSLB 











ts G1078 61078 | sHao7 | sHaos | sHaos | sHaod | sHaos | sHaoz | sHaot | SHACO | 
and- 1080 61080 | snpo7 | sHBo6 | sHBos | sHBo4 | sHB03 | sHBo2 | sHBo1 | sHBO0 | 


is erora cova | | || stats | stato | suaoo | sacs | 
anc crost crost | | | | sts | supt0 | spo | sios | 
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(2) Details of input signals (PMC — CNC) 
(a) Spindle synchronous control command (SPSYC) 


Setting the SPSYC signal to "1" directs the spindles to enter the 
spindle synchronous control mode. Before issuing this command, 
specify SORSLA (SORSLA) = "0". 

Maintain the condition of SPSYC = "1" during synchronous 
orientation. 


(b) Spindle phase synchronous control command or synchronous orientation 


command (SPPHS) 


If SORENA (SORENB) = "0", the spindle phase synchronous control 
command is issued at the rising edge of the SPPHS signal. (See 
Section I-2.5, "SPINDLE SYNCHRONIZATION CONTROL," FOR 
PHASE SYNCHRONOUS CONTROL.") 

If SORENA (SORENB) = "1", the synchronous orientation command 
is issued at the rising edge of the SPPHS signal. When the 
synchronous orientation command is issued, the synchronous speed 
command becomes disabled, and synchronous orientation begins. 
Keep satisfying synchronous speed command = "0" during 
synchronous orientation. 

Before issuing the synchronous orientation command, make sure that 
SORSLA (SORSLB) = "1" and SORENA (SORENB) = "1" are 
satisfied for both the spindles. 

Keep in mind that the meaning of the SPPHS signal changes 
according to the state of the SORENA (SORENB) signal. 

To issue the synchronous orientation command after spindle phase 
synchronous control is performed, it is necessary to reset the SPPHS 
signal to "0" previously. The spindle phase synchronous control 
completion signal is kept at "0" while the SPPHS signal is "0". 


(c) Synchronous orientation request command (SORSLA) 


The SORSLA signal is a signal for requiring synchronous orientation. 
In response to this signal, the spindle amplifier outputs a synchronous 
orientation permission signal (SORENA or SORENB). 

If SORSLA (SORSLB) = "1" is input, the synchronous orientation 
command (SPPHS) becomes enabled when SORENA (SORENB) = 
"1" is satisfied. 

Keep the current state of the SORSLA signal until synchronous 
orientation is completed. 

If SORSLA (SORSLB) = "0" is input, synchronous orientation is 
released and the synchronous speed command becomes enabled, when 
SORENA (SORENB) = "0" is satisfied. 
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(d) Synchronous orientation external stop position command (SHA11 to SHAO0) 
This command is used to specify the stop position for synchronous 
orientation. 

If all of the SHA11 to SHAOO signals are "0", the position where each 
spindle is to rest (reference position) is as stated below if the spindle 
phase synchronous command is issued under the condition of 
synchronous speed command = "0": 
[One-rotation signal position] + [shift amount during spindle 
synchronous control (parameter No. 4034)] 
The shift amount relative from the reference position is: 
0 11 , 
K Ai x 2' 
4096 2s x?) 

Assert the SHAI1 to SHAOO signals at least 50 ms before the 

synchronous orientation command is input, and keep them asserted 

until synchronous orientation is completed. 


Shift amount (degrees) = 





(e) Rotation direction command for synchronous (ROTAA) 
This command specifies the direction in which the spindle rotates 
during synchronous orientation. 
0: The spindle rotates CCW. 
1: The spindle rotates CW. 
To make both the spindles rotate in the same direction, it is necessary 
to input the ROTAA signal correctly. Because the correct rotation 
direction changes depending on the machine configuration, specify it 
exactly while paying attention to the way each spindle is linked to its 
motor and the positional relationship between the spindles. 
Assert the ROTAA signals at least 50 ms before the synchronous 
orientation command is input, and keep it asserted until synchronous 
orientation is completed. 


- 291 - 


FANUC AC SPINDLE MOTOR ai series 


5. FUNCTION DESCRIPTIONS FANUC BUILT-IN SPINDLE MOTOR Bil series B-65280EN/06 


(3) Address list of output signals (CNC — PMC) 


(a) For path 1 


161 
F044 
ist- F047 
2nd- F051 
(b) For path 2 
161 
F1044 
ist- F1047 
2nd- F1051 


30i 
F044 


F047 


F051 


30: 
F1044 


F1047 
F1051 


#7 #6 #5 #4 #3 #2 #1 #0 
SYCAL | FSPPH | FSPSY 





















































#7 #6 #5 #4 #3 #2 #1 #0 
[svca | rspen | rsesy | 















































(4) Details of output signals (CNC — PMC) 
(a) Synchronous orientation permission signal (SORENA) 


If this signal is "1", the synchronous orientation command is issued at 
the rising edge of the SPPHS signal. 

If this signal is "0", the spindle phase synchronous command is issued 
at the rising edge of the SPPHS signal. If this signal becomes "0" 
during synchronous orientation, the synchronous orientation is 
released. 

In this case, reset the synchronous speed command for both the 
spindles to "0". SORENA (SORENB) = "1" is output if SORSLA 
(SORSLB) = "1" is satisfied, and SORENA (SORENB) = "0" is 
output if SORSLA (SORSLB) = "0" is satisfied. 


(b) Spindle speed synchronous control completion signal (FSPSY) 


If the spindle synchronous control command is issued, the FSPSY 
signal becomes "1" when both spindles reach the specified 
synchronous speed. 

Before issuing the spindle phase synchronous control command for 
reference position setting, make sure that the synchronous speed 
command is "0" and the FSPSY signal is "1". 

The signal becomes "1" if the velocity error between the spindles is 
smaller than the value specified in parameter No. 4033. 
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(c) Spindle phase synchronous control completion signal or synchronous 
orientation completion signal (FSPPH) 


If the spindle phase synchronous control command is issued, the 

FSPPH signal becomes "1" when phase synchronization is completed. 

If the synchronous orientation command is issued, the signal becomes 

"1" when synchronous orientation is completed. 

The signal is kept at "0" while SPPHS (spindle phase synchronous 

control command or synchronous orientation command) = "0". 

After the spindle phase synchronous control command has been issued, 

the signal is output if the following conditions are satisfied. 

e The velocity error between the spindles is smaller than the value 
specified in parameter No. 4034. 

e The synchronous error between the spindles is smaller than the 
value specified in parameter No. 4810. 

After the synchronous orientation command has been issued, the 

signal is output if the following conditions are satisfied. 

e The synchronous error between the spindles is smaller than the 
value specified in parameter No. 4810. 

e The position error between the spindles is smaller than the value 
specified in parameter No. 4075. 


(d) Phase synchronous error monitor signal (SYCAL) 


9.9.9 


Sequence 


This signal is used to detect when a synchronous error becomes large 
when the spindles are under synchronous control. 

If the signal is detected, the PMC usually performs alarm processing. 
The signal becomes "1" if the synchronous error between the two 
spindles becomes larger than or equal to the value specified in 
parameter No. 4811 when the spindles are under synchronous control. 


Shown below is an example of a sequence in which synchronous 

orientation is used. In this example sequence, the first and second 

spindles are put under spindle synchronous control to perform the 

machining described below. 

(1) The spindle synchronous control command is issued with the 
first spindle rotating and the second at rest. 

(2) Upon completion of spindle synchronization, synchronous speed 
command = "0" is specified. 

(3) The spindle phase synchronous control command is issued for 
reference position setting. 

(4) Upon completion of spindle phase synchronization, a workpiece 
is loaded. 

(5) The workpiece is machined by running the spindles under 
spindle synchronous control. 

(6) The spindles are stopped at a fixed position, using synchronous 
orientation. 

(7) Upon completion of synchronous orientation, the workpiece is 
unloaded. 

(8) Synchronous orientation is released. 

(9) Spindle synchronous control is released. 
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First-spindle speed 
Omin"' 


Second-spindle speed 


First-spindle speed command 


Omin" . 


Spindle synchronization 
command (SPSYC) 





Spindle phase synchronization 
command (SPPHS) 





Spindle synchronization 
completion signal (FSPSY) 


Spindle synchronization 
completion signal (FSPSY) 


Workpiece load/unload 





Load Unload 





Orientation request signal for 
the first spindle (SORSLA) 


Orientation permission signal 
(SORENA) 


External stop position signal 
(SHA11-00) 


Rotation direction command 
(ROTAA) 








Orientation request signal for 
the second spindle (SORSLB) 


Orientation permission signal 
(SORENB) 


External stop position signal 
(SHB11-00) 





Rotation direction command 
(ROTAB) 





NOTE 


Set time t to at least 50 ms so that each signal can 
be asserted securely. 
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5.5.6 List of Related Parameters 


Parameter No. 
16: 30: 





Description 


Direction in which each of spindles rotates under spindle synchronous control 
(For 167: #0: First spindle: #1: Second spindle. For 307: Each spindle) 


That error pulse difference between two spindles on which the spindle phase 
synchronous completion signal is output 


4800#1 #0 4801#0 





4810 4810 





That error pulse difference between two spindles on which the spindle phase 


4811 4811 ; F ‘ 
synchronous error monitor signal is output 





Whether the stop position external setting-type spindle orientation function is 


3702#3 #2 3729#0 available 
(For 167: #0: First spindle: #1: Second spindle. For 307: Each spindle) 


Setting for disabling automatic detection of a one-rotation signal when the 
spindle synchronous control mode is switched 


4014#6 4014#6 | Whether the synchronous orientation function is available 





4006#4 4006#4 








Acceleration at spindle synchronous control (It is necessary to specify the 


ee Hee same value for the first and second spindles.) 





4033 4033 Spindle synchronous speed arrival level 





4034 4034 Shift amount at spindle phase synchronous control 





4035 4035 Spindle phase synchronous compensation data 





4044 4044 Velocity proportional gain on spindle synchronous control 

4045 4045 (This parameter is selected with the input signal CTH1A.) 

4052 4052 Velocity integral gain on spindle synchronous control 

4053 4053 (This parameter is selected with the input signal CTH1A.) 

Gear ratio data between spindle and motor 

(These parameters are selected with the input signals CTH1A and CTH2A.) 








4056 to 4059 |4056 to 4059 





Position gain on spindle synchronous control (It is necessary to specify the 
4065 to 4068 |4065 to 4068 | Same value for the first and second spindles.) 
(These parameters are selected with the input signals CTH1A and CTH2A.) 





4075 4075 Orientation completion signal detection level 





4085 4085 Motor voltage setting on spindle synchronous control 





Acceleration magnetic flux switching point for spindle synchronous control (It 


aero oe is necessary to specify the same value for the first and second spindles.) 





Bell-shaped acceleration/deceleration time constant for spindle synchronous 
4340 4340 control (It is necessary to specify the same value for the first and second 
spindles.) 





4369 4369 Synchronous orientation deceleration coefficient 








NOTE 
See Section I-1.3, "PARAMETERS RELATED TO DETECTORS," for 
parameters related to detectors. 
See Section I-4.1, "VELOCITY LOOP GAIN ADJUSTMENT," for velocity 
loop proportional/integral gain tuning. 
See "Function Description: Spindle Synchronous Control" for parameters 
related to the spindle synchronous control function. 
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9.9.7 


B-65280EN/06 


Details of Related Parameters 


16i #7 #6 #5 #4 #3 #2 #1 #0 
3702 eee a a ee Fe 
OR1_ The stop position external setting-type spindle orientation function 
(for the first spindle) is: 
0: Disabled 
1: Enabled 
Set to “1”. 
OR2_ The stop position external setting-type spindle orientation function 
(for the second spindle) is: 
0: Disabled 
1: Enabled 
Set to “1”. 
30: #7 #6 #5 #4 #3 #2 #1 #0 
a i i 
ORTs _ The stop position external setting-type spindle orientation function is: 
0: Disabled 
1: Enabled 
Set to “1”. 
16i 30: #7 #6 #5 #4 #3 #2 #1 #0 
SYCORI: The synchronous orientation function is: 
0: Disabled 
1: Enabled 
Set to "1" for both the spindles. 
161 30: 
4075 4075 
Unit of data: 1 pulse unit (360 degrees/4096) 
Valid data range: 0 to 100 


Standard setting value: 10 
This parameter is used to specify the synchronous orientation 
completion pulse width. When the synchronous orientation command 
is issued, the synchronous orientation completion signal (FSPPH) 
becomes "1" if the spindle stop position is within the setting data 
range. 
Specify the same value for both the spindles. 
This parameter is used also for regular orientation. 
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16i 30: 


4369 4369 Synchronous orientation deceleration coefficient 


Unit of data: 1% 
Valid data range: 0 to 100 
Standard setting value: 0 

This parameter is used to specify a change that occurs in the spindle 
speed during synchronous orientation as a ratio to the acceleration 
during spindle synchronous control (parameter No. 4032). If the 
setting is "0", it is assumed to be 100%. (The change ratio specified in 
parameter No. 4032 is used without modification.) 

Specify the same value for both the spindles. 
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5.6 SPINDLE FINE ACC./DEC. (FAD) FUNCTION 


5.6.1 Overview 


The spindle fine Acc./Dec. (FAD) function realizes smooth 
acceleration/deceleration during rigid tapping and Cs contouring 
control by performing acceleration/deceleration processing with 
spindle software. It can reduce mechanical shocks that may 
accompany acceleration/deceleration. 


NOTE 


1 This function is usable in a combination of the ai 
spindle amplifier and the FANUC Series 
167/187/21i-MODEL B CNC. 

This function cannot be used with the FANUC Series 


151 MODEL B. 

This function cannot be used with the FANUC Series 
307 /311 /32i. 

This function cannot be used together with the 
spindle EGB function. 





5.6.2 Series and Editions of Applicable Spindle Software 


Spindle software 


9D50 E (05) edition or later 
9D80 A (01) edition or later 








CNC software 

Series Edition Remark 

M (13) edition or later | For the FANUC Series 16i/160i/160is-MB 
M (13) edition or later | For the FANUC Series 187/180i/180is-MB 
C (03) edition or later | For the FANUC Series 187/1807/180is-MB5 
M (13) edition or later | For the FANUC Series 217/210i/210is-MB 
M (13) edition or later | For the FANUC Series 16i/160i/160is-TB 
M (13) edition or later | For the FANUC Series 18i/180i/180is-TB 
M (13) edition or later | For the FANUC Series 211/210i/210is-TB 
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5.6.3 Block Diagram 


Shown below is the block diagram of a system configuration in which 
spindle fine Acc./Dec. is used. Smooth acceleration/ deceleration is 
realized by applying linear- or bell-shaped smoothing to the move 
command from the CNC on small cycles in the spindle software. 


CNC 


Acceleration/deceleration type 


SPINDLE 
(bit 4 of parameter No. 4394) 


FAD time constant (parameter Coefficient a Coefficient B 
No. 4408) (parameter No. (parameter No. 
4037) 


i Linear-/bell-shaped 7 F 

: smoothing Position Velocity 

: (Regular) feed-forward feed-forward 
: position 

bt error 

i Position 
: ° control 


OFF:0 



















eae 
FAD ON/OFF 


(No.4394#3) sec 


Velocity feedback 







Position feedback 


5.6.4 Parameters 
(1) List of Related Parameters 


Parameter No. 
16i 
5205#7 Setting of fine Acc./Dec. during rigid tapping 
4394#3 Spindle fine Acc./Dec. function bit 


Description 








4394#4 Acceleration/deceleration type during spindle fine Acc./Dec. 





4344 Feed-forward coefficient during fine Acc./Dec. 





4037 Velocity loop feed-forward coefficient during fine Acc./Dec. 





4408 Fine Acc./Dec. time constant 











4409 Feed-forward timing adjustment coefficient 


(2) Details of parameters related to rigid tapping 


161 #7 #6 #5 #4 #3 #2 #1 #0 
sos | mer | | | | 
REF _ Setting of fine Acc./Dec. during rigid tapping 

0: No fine Acc./Dec. (FAD) is available. 


1: Fine Acc./Dec. (FAD) is available. 
To be set to "1" if the spindle fine Acc./Dec. (FAD) function is used. 
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(3) Details of parameters related to serial spindles 


161 #7 #6 #5 #4 #3 #2 #1 #0 
asa ||| rwmtv|raenc] =| | 
FADFNC _ Spindle fine Acc./Dec. (FAD) function bit 
0: The fine Acc./Dec. (FAD) function is disabled. 
1: The fine Acc./Dec. (FAD) function is enabled. 
To be set to "1" if the spindle fine Acc./Dec. (FAD) function is used. 
FADLIN _ Acceleration/deceleration type during spindle fine Acc./Dec. (FAD) 
0: Bell-shaped Acc./Dec. 
1:  Linear-shaped Acc./Dec. 
Specify the same acceleration/deceleration type as for the servo axis 
for which interpolation is performed simultaneously with this 
function. 
16i 
4oa4 
Unit of data: 0.01% 
Valid data range: 0 to 10000 
Standard setting value: 0 


This parameter is used to specify the feed-forward coefficient for 
spindle fine Acc./Dec. 

Specify the same setting for the servo axis for which interpolation is 
performed simultaneously with this function. 


161 
4037 
Unit of data : 
Valid data range: 0 to 32767 
Standard setting value: 0 


This parameter is used to specify the velocity loop feed-forward 
coefficient during fine Acc./Dec. (FAD). Determine what to specify 


according to the following calculation. 
Setting = 214466 x [spindle inertia + rotor inertia] (kgm?) 
motor maximum torque (Nm) 


16i 
4408 
Unit of data: Imsec 
Valid data range: 8 to 64 
Standard setting value: 0 


This parameter is used to specify the time constant for spindle fine 
Acc./Dec. (FAD). If the specified value is out of the valid data ranging, 
the setting is clamped to the upper or lower limit. 

No cutting/traverse time constant switching function is available. 
Specify the same value as for the servo axis (for cutting) for which 
interpolation is performed simultaneously with this function. 
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161 


4409 Feed-forward timing adjustment coefficient 


Unit of data: 0.001msec 
Valid data range: -1000 to 1000 
Standard setting value: 0 

This parameter is used to adjust the timing of the feed-forward term of 
the velocity command to improve accuracy of the synchronization 
with the servo axis being accelerated or decelerated. 

Setting -1000 advances the timing by 1 ms, and setting +1000 lags the 
timing by | ms. 


5.6.5 Diagnosis (Diagnosis Screen) 


Address 


Description 
16i 


1st-spindle (regular) position error 





2nd-spindle (regular) position error 





3rd-spindle (regular) position error 





4th-spindle (regular) position error 





1st-spindle (FAD) position error 





2nd-spindle (FAD) position error 





3rd-spindle (FAD) position error 











4th-spindle (FAD) position error 
5.6.6 Status Errors 


Error No. Description Measure 


Invalid hardware configuration Check the model of the CNC in use. 





An attempt was made to enable both the 
spindle FAD function and spindle EGB 
function. 


To use the spindle FAD function, disable the 
spindle EGB function. 
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5.6.7 Cautions 


(1) Cautions for using the synchronization and fine Acc./Dec. (FAD) functions 
simultaneously between the servo axis and spindle axis 


The following restrictions are placed on the simultaneous use of the 
synchronization and fine Acc./Dec. (FAD) functions between the 
servo axis (hereafter SV axis) and spindle axis (hereafter SP axis). 


Whether the SV-axis 
FAD is usable 
If the If the 
SP-axis SP-axis 
FAD is FAD is 
disabled enabled 





Function Cautions about simultaneous use 


If the SP-axis FAD is disabled: 
FAD and feed-forward are kept off during rigid tapping. 
Establishing synchronization requires changing the position gain 
for SV-axis rigid tapping (bit 3 of parameter No. 2209 or 
Rigid tapping Usable Usable parameter Nos. 5280 to 5284). (*) 
If the SP-axis FAD is enabled: 
It is necessary to use the same FAD time constant, 
acceleration/deceleration type, feed-forward coefficient, and 
position gain for both the SV axis (for cutting) and SP axis. 
It is necessary to use the same FAD time constant, 
Unusable Usable _jacceleration/deceleration type, feed-forward coefficient, and 
position gain for both the SV axis (for cutting) and SP axis. 
It is necessary to use the same FAD time constant, 
Unusable Usable _ jacceleration/deceleration type, feed-forward coefficient, and 
position gain for both the SV axis (for cutting) and SP axis. 
Hobbling function Unusable | Unusable |Disable the SV-axis FAD function. 
EGB function Unusable | Unusable |Disable the SV-axis FAD function. 
It is necessary to use the same FAD time constant, 
Unusable Usable _jacceleration/deceleration type, feed-forward coefficient, and 
position gain for both the SV axis (for cutting) and SP axis. 





Advanced preview 
rigid tapping 














Flexible 
synchronization 











NOTE 

(*) If the SP-axis FAD is disabled, set bit 3 of parameter No. 2209 to 1, or set 
parameter Nos. 5280 to 5284 with a value 1 ms higher than otherwise. 
If the SP-axis FAD is enabled, reset bit 3 of parameter No. 2209 to 0 and set 
parameter Nos. 5280 to 5284 with the same value as for the spindle axis. 
Refer to the "FANUC AC SERVO MOTOR ais/ai/Bis series Parameter Manual 
(B-65270EN)" for details. 
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(2) Cautions about position error 

When the spindle fine Acc./Dec. (FAD) function is in use, the 

following two types of position error can occur because the spindle 

software applies smoothing to a motion command from the CNC. 

e Actual position error related to the command from the CNC: 
(Regular) position error 

e Position error used within the spindle software: FAD position 
error 

These position error are used for the following purposes. 

e (Regular) position error: Excessive-error check and in-position 
check 

e FAD position error: Error display on the spindle adjustment 
screen 

NOTE 

The (regular) position error becomes larger by the 
amount of an influence of fine Acc./Dec. (FAD) 
smoothing. So, include this amount when specifying 
excessive-error and in-position check levels. 


An increase in the position error caused by fine 
Acc./Dec. (FAD) is obtained by: 
[When the linear type is used.] 


Increase in FAD time 


pos. error = election , feedrate (min) | |_ constant (ms) “ oy 
(pulses) unit 60x1000 9 
[When the bell-shaped type is used.] 


Increase in FAD time 


pos. error = GetoriOn. feedrate (min) 5 -sessant ina) «| 
(auilses) unit 60x1000 2 

Letting the FAD time constant and feedrate be, 

respectively, 64 ms (bell-shaped type) and 3000 

min” for rigid tapping (with a detection unit of 4096 


pulses/rev): 
Increase in 


pos. error =4096~x 3000 of 


=r | = +1] = 6758 
(pulses) 601000 2 
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5.7 UNEXPECTED DISTURBANCE TORQUE DETECTION 
FUNCTION 


5.7.1 Overview 


The unexpected disturbance torque detection function is intended to 
monitor friction torque components and those needed in machining by 
extracting them from the torque output from the spindle motor and 
eliminating the torque needed in acceleration/deceleration. It can be 
used to detect a broken tool and to manage the tools for service life. 


NOTE 
1 Using this function requires the CNC software 
option for the unexpected disturbance torque 


detection function. 
2 A broken or worn tool may or may not be able to be 
detected depending on the machine condition. 





5.7.2 Series and Editions of Applicable Spindle Software 


Series Edition Remark 
A (01) edition or later | FS16i/FS18i/ FS21i / FS0i/ FS15i 





A (01) edition or later | FS30i / FS31i / FS32i 
FS16i/FS18i/ FS21i/ FS0i/ FS15i 
FS30i / FS31i / FS32i 











A (01) edition or later 
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5.7.3 W/O Signals (CNC<>PMC) 


(1) Address list of output signals (CNC — PMC) 


16i 303 #7 #6 #5 #4 #3 #2 #1 #0 
roo roo | | | | aerses[astsr2|astses| | 
root ror | | | arses} | TT 





151 
F155 
F154 






|aaspa{acses{| | = | | | | 
| | vaspaTnases} | 





(2) Details of output signals (CNC — PMC) 
(a) First-spindle unexpected disturbance torque detection signals 
(ABTSP1 and AQSP'1) 
(b) Second-spindle unexpected disturbance torque detection signals 
(ABTSP2 and AQSP2) 
(c) Third-spindle unexpected disturbance torque detection signals 
(ABTSP3 and AQSP3) 
(d) Fourth-spindle unexpected disturbance torque detection signals 
(ABTSP4 and AQSP4) 
These signals are output when the estimated load torques on the 
respective spindles become higher than or equal to the set level. 
Refer to an applicable CNC Connection Manual (Function) for details. 
(a) For Series 167/187/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 2.10, “ABNORMAL LOAD DETECTION.” 
(b) For Series 3037/3 11/321 
“FANUC Series 301/3 1i/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 2.9, “UNEXPECTED DISTURBANCE 
TORQUE DETECTION FUNCTION.” 
(c) For Series 151 
“FANUC Series 157-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 2.9, “ABNORMAL LOAD DETECTION.” 
(d) For Series 07 
“FANUC Series 0i- MODEL C 
CONNECTION MANUAL (FUNCTION) : B-64113EN-1 
Refer to Section 2.9, “ABNORMAL LOAD DETECTION.” 
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5.7.4 List of Related Parameters 


Parameter No. 
15% 16: 30: 





Description 


Whether the unexpected disturbance 
3015 #1 | 4015 #1 | 4015 #1 | torque detection function is available 
(The CNC software option is required. ) 
Torque constant for spindle load torque 
monitoring (for high-speed output 
switching characteristics) 

Torque constant for spindle load torque 
monitoring (for low-speed output switching 
characteristics) 

Observer gain 1 for spindle load torque 
monitoring 

Observer gain 2 for spindle load torque 
monitoring 

Unexpected disturbance torque detection 
level 





























5.7.5 Details of Related Parameters 


151 161 30: #7 


#6 #5 #4 #3 #2 #1 #0 
sors gore gots | | ster] 


SPLDMT: Whether the unexpected disturbance torque detection function is 
available 
0: Unavailable 
1: Available 
This parameter is specified automatically by the software option. 


151 161 30: 


Torque constant for spindle load torque monitoring (for high-speed output 


3248 4248 4248 switching characteristics) 


Torque constant for spindle load torque monitoring (for low-speed output 
switching characteristics) 


3281 4281 4281 





Unit of data : 
Valid data range: 0 to 32767 
Standard setting value : 
Specify the torque constant Kt for calculating the spindle load torque, 
using the following calculation: 


T max 
f= 


= x 4.889 
Jm+ JI 
Tmax : Motor maximum output torque [Nm] (Use 120% of the 
30-minute rated torque as a rough standard.) 
Jm — : Motor rotor inertia [kgm7] 
Jl : Spindle inertia (in terms of motor axis inertia) [kgm’] 
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151 161 30: 
3249 4249 4249 
3250 4250 4250 


Unit of data : 
Valid data range : 
Standard setting value : 


151 161 30: 
3341 4341 4341 


Unit of data : 
Valid data range : 
Standard setting value : 


FANUC BUILT-IN SPINDLE MOTOR Bil series 5.FUNCTION DESCRIPTIONS 


Observer gain 1 for spindle load torque monitoring 
Observer gain 2 for spindle load torque monitoring 


0 to 32767 

500 

Specify the gain (usually "500") for the spindle load torque estimation 
observer. 


Unexpected disturbance torque detection level 


0.01% 

0 to 10000 

0 

Specify the output level for the spindle unexpected disturbance torque 
detection signal, using a percentage to the motor maximum output 
torque. If this parameter is "0", no spindle unexpected disturbance 
torque detection signal is output. 
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Parameter Tuning Procedure 


(1) Parameter initialization 


4015#1 


Initialize the parameters related to the unexpected disturbance torque 
detection function as listed below. 


Description 
Whether the unexpected disturbance torque 
detection function is available (The CNC software 
option is required.) 


Initial setting 


1 





4248 


Torque constant for spindle load torque monitoring 


Specify an appropriate value according to the 
spindle inertia (see the following expression). 





4249 


Observer gain 1 for spindle load torque monitoring 


500 





4250 


Observer gain 2 for spindle load torque monitoring 


500 





4341 


Unexpected disturbance torque detection level 











0 (to be changed to an appropriate value 
according to the use of the machine 


(2) Initial setting of the torque constant (parameter No. 4248) 
Using the following expression, calculate the initial torque constant 
setting according to the spindle inertia and specify it in the 


corresponding parameter. 


_ T max 


= x 4.889 
Jm+ J 


Tmax: Motor maximum output torque [Nm] (Use 120% of the 
30-minute rated torque as a rough standard.) 


Jm —: Motor rotor inertia [kgm*] 
Jl : Spindle inertia (in terms of motor axis inertia) [kgm7] 
Example) 


Initial torque constant setting for the a713/10000 

Letting motor rotor inertia Jm, motor maximum output torque 
Tmax, and spindle inertia JI be, respectively, 0.0148 kgm’, 35.0 
x 1.2 = 42.0 Nm, and 0.0250 kgm’, the torque constant is: 

Kt = 42.0/(0.0148 + 0.0250) x 4.889 = 5159.24 

So, set parameter No. 4248 to "5159". 
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(3) Tuning the torque constant (parameter No. 4248) 
Described below is how to tune the torque constant while observing 
the spindle torque data, using the spindle check board 
(A06B-6078-H001). Refer to an applicable maintenance manual for 
detailed explanations about how to use the spindle check board. 


First set up the spindle check board as listed below. 
Output 


: Output data Setting Resolution 
terminal 





Motor speed - 1638.4 min /V 














5V = Tmax (motor 
maximum output 
torque) 


Spindle load 
torque 























With the above settings, direct the machine to run at a speed that 
matches your machining program, cause it to perform 
acceleration/deceleration with no load, and observe the load torque on 
the spindle. 

While observing the waveform of the spindle load torque, tune the 
torque constant so that the spindle load torque during acceleration will 
get close (and flat) to 0. 

See the following charts for details. 


Fig. <1>: Parameter No. 4248 = 10000 Fig. <2>: Parameter No. 4248 = 15000 








“Motor speed (496m ai) geese Sache Moire Oey os 










The gpindie load torque 
during acceleration i is: 
poste. 


ce as —= Spindle load... Spindle load 


torque (20%/div) s00msecidiv ._toraue (20%/div) 







The spindle load fortis 
puna’ acceleration is 
































Fig. <3>: Parameter No. 4248 = 12000 (final value) 


Motor speed (4096min*‘/div) 









/ The spindle load torque. 
during: acceleration is 
he almost zero. eae earners 


Spindle load 
torque (20%/div) 
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5.8 SPINDLE EGB (SPINDLE ELECTRONIC GEAR BOX) 


5.8.1 Overview 





The spindle EGB function is intended to use one of spindles in a pair 
as a tool axis (master axis) and the other as a workpiece axis (slave 
axis) and cause the slave axis to rotate in synchronization with the 
master axis at a specified synchronous ratio. Refer to an applicable 
CNC Connection Manual (Function) for details of this function. 
(a) For Series 167/181 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Section 1.14.2, “Spindle Electronic Gear Box (M 

series).” 


NOTE 
Using this function requires the CNC software option. 
Using this function requires SP TYPE B for both the 
master and slave axes. 
For the master and slave axes, use the spindle 
software of the same series and edition. 
This function cannot be used together with the 
spindle fine Acc./Dec. (FAD) function. 
This function cannot be used together with the toque 
tandem control function. 
This function cannot be used with the FANUC Series 
15i-MODEL B. 


This function cannot be used with the FANUC Series 
307/311/32i. 
There are no limitations on the assignment of the 
master and slave axes. 
For descriptive purposes, this specification assumes: 
Master spindle amplifier: 1st spindle 
Slave spindle amplifier: 2nd spindle 





5.8.2 Series and Editions of Applicable Spindle Software 


Spindle software 
Series Edition Remark 
9D50 E (05) edition or later 
9D80 A (01) edition or later 








CNC software 
Series Edition Remark 

A (01) edition or later |For FANUC Series 16 /1607/160is-MB 

A (01) edition or later |For FANUC Series 187/1807/180is-MB 

A (01) edition or later |For FANUC Series 18i/1807/180is-MB5 
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5.8.3 | System Configuration 


The spindle EGB function is usable in the following system 
configuration. 


NOTE 


The spindle EGB function is usable between 
spindles having a different detector configuration. 





(1) System configuration with built-in motors 









Speed/position 
sensor 
Built-in spindle motor 





First axis 
(master axis) 
Series 
16i/160i/160is 
18i/180i/180is 
MODEL B 


Speed/position 
sensor 









Spindle 
amplifier - to - 
spindle 
amplifier 
communication 





Built-in spindle motor 





Second axis 
(slave axis) 


Parameter settings related to detectors 
Parameter Setting Description 
4000#0 0 The spindle and motor rotates in the same direction. 
4002#3 #2,#1,#0 0,0,0,1 The motor sensor is used for position feedback. 
4003#7 ,#6,#5,#4 0,0,0,0 It is unnecessary to specify the number of the spindle sensor teeth. 
4010#2,#1,#0 0,0,1 aiMZ/aiBZ/aiCZ sensor 


4011#2,#1,4#0 | Depending on 
or 4334 the sensor. 














Setting for the number of motor sensor (speed sensor) teeth 





The spindle-to-motor gear ratio is 1:1. 


4056 to 4059 | 100 or 1000 |(The settings for these parameters vary depending on the gear 
ratio increment system specified in bit 1 or parameter No. 4006.) 





Depending on |Setting for the number of master-axis motor sensor (speed sensor) 


(*) 
putas the sensor. |teeth 











(*) This parameter is valid only for the slave axis (Second spindle). 
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(2) System configuration with separate oiBZ sensors or separate aiCZ 


sensors 


Parameter settings related to detectors 


Parameter 


4000#0 


Series 
16i/160i/160is 
18i/180i/180is 

MODEL B 


Setting 


Depending on the 
spindle configuration 


Speed sensor 


Spindle 
motor 

















First spindle 
(master axis) 





Separate 
position sensor 





Speed sensor 







amplifier - to - 
spindle 

amplifier 
communicati 






Spindle 





Separate 
position sensor 








Second spindle 
(slave axis) 


Description 


Setting for the relationship between the rotation directions 
of the spindle and motor 





4001#4 


Depending on the 
spindle configuration 


Setting for the orientation in which the spindle sensor is 
mounted 





4002#3 #2,#1 #0 


0,0,1,0 


aiBZ sensor, aiCZ sensor 





4003#7 ,#6,#5,#4 
or 4361 


Depending on the 
sensor 


Setting for the number of spindle sensor (position sensor) 
teeth. 





4010#2,#1,#0 


aiM sensor 
aiMZ sensor 





4011#2,#1,#0 
or 4334 


Depending on the 
sensor 


Setting for the number of motor sensor (speed sensor) 
teeth 





4056 to 4059 


Depending on the 
spindle configuration 


Setting for the spindle-to-motor gear ratio 





4386 © 





Depending on the 
sensor 








Setting for the number of master-axis motor sensor 
(speed sensor) teeth 


(*) This parameter is valid only for the slave axis (second spindle). 


- 312 - 


FANUC AC SPINDLE MOTOR ai series 


B-65280EN/06 


FANUC BUILT-IN SPINDLE MOTOR Bil series 5.FUNCTION DESCRIPTIONS 


(3) System configuration where an external one-rotation signal (proximity 


switch) is used 















Series 
16i/160i/160is 
18i/180i/180is 

MODEL B 


Speed/position 
sensor 


First axis 
(master axis) 


External one-rotation 
signal (proximity 
switch) 





Speed/position 
sensor 





Spindle 
amplifier - to - 
spindle 

amplifier 
communicati 


Spindle 


External one-rotation 
signal (proximity 
switch) 











Second axis 
(slave axis) 


Parameter settings related to detectors 


Parameter 


4000#0 


Setting 
Depending on the 
spindle configuration 


Description 
Setting for the relationship between the rotation directions of 
the spindle and motor 





4002#3,#2,#1 ,#0 


0,0,0,1 


To be used for the position feedback of the motor sensor 





4003#7 ,#6,#5,#4 


0,0,0,0 


It is unnecessary to specify the number of teeth on the spindle 
sensor. 





4004#2 


1 


An external one-rotation signal (proximity switch) is used. 





4004#3 


Depending on the 
sensor 


Setting for the type of the external one-rotation signal (proximity 
switch) 





4010#2,#1,#0 


0,0,1 


aiMZ/aiBZ/aiCZ sensor 





4011#2,#1,#0 
or 4334 


Depending on the 
sensor 


Setting for the number of motor sensor (speed sensor) teeth 





4056 to 4059 


Depending on the 
spindle configuration 


Setting for the spindle-to-motor gear ratio 





4171 to 4174 


Depending on the 
spindle configuration 


Setting for the spindle-to-motor gear ratio (arbitrary gear ratio). 





4386 © 


Depending on the 
sensor 


Setting for the number of master-axis motor sensor (speed 
sensor) teeth 





4498, 4499 © 





Depending on the 
spindle configuration 





Setting for the master-axis spindle-to-motor gear ratio (arbitrary 
gear ratio 





(*) This parameter is valid only for the slave axis (Second spindle). 
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5.8.4 Block Diagram 


Shown below is the block diagram of a system configuration in which 
the spindle EGB is used. 

In this system configuration, it is possible to use one of spindles in a 
pair as a tool axis (master axis) and the other as a workpiece axis 
(slave axis) and cause the slave axis to rotate in synchronization with 
the master-axis at a specified synchronous ratio. 


CNC 2nd spindle 


Position feedback 









Velocity feedback 


Velocity 
© control 
@ 















Slave 















; Position ; 
Helical gear , spindle & 
compensation Pa detector | 
command No.4069 to 4072 













Feed-forward 
(coefficient a2) 
No.4036 


Synchronous ratio 
No.4387,4388 


Position feedback 















Velocity feedback 
ra Master 
Position Velocity indle & 
ieee 





No.4069 to 4072 






Feed-forward 
(coefficient o1) 


No.4036 


1st spindle 


NOTE 
1 It is possible to drive the master axis (first spindle) on the 
velocity control mode. 


2 Todrive the master axis at a constant speed in the Cs 
contouring control mode, use the position control function 
for the PMC axis control constant-speed command. 
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5.8.5 I/O Signals (CNC <> PMC) 


This subsection lists only the input/output signals related to the 
spindle EGB. Refer to an applicable CNC Connection Manual 
(Function) for details of each signal. 
(a) For Series 167/181 
FANUC Series 167/187/211-MODEL B 
CONNECTION MANUAL (FUNCTION): B-63523EN-1 
Refer to Subsection 1.14.2, "Spindle Electronic Gear Box (M 
series)." 


(1) Input signals (PMC + CNC) 


#7 #6 #5 #4 #3 #2 #1 #0 
cos | {| | treet] | | | 
(2) Output signals (CNC — PMC) 


#7 


#6 #5 #4 #3 #2 #1 #0 


5.8.6 Examples of Sequences 


Refer to an applicable CNC Connection Manual (Function) for spindle 
EGB sequences. 
(a) For Series 167/181 
FANUC Series 167/187/211-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 1.14.2, “Spindle Electronic Gear Box (M 
series).” 
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5.8.7 List of Related Parameters 


Parameter No. 
163 


7700#0 


Description 


Direction for helical compensation 





7700#2 


Setting for releasing the synchronous control mode at a reset 





7709 


Axis number for helical gear axial feed axis 





7710 


Spindle EGB slave axis number 





7771 


Spindle EGB master axis number 





7772 


The number of pulses the position sensor generates at each rotation of the tool 
axis (master axis) 


(Specify 360,000 for the IS-B.) 





7773 


The number of pulses the position sensor generates at each rotation of the 
workpiece axis (slave axis) 


(Specify 360,000 for the IS-B.) 





8005#4 


Setting for the type of the PMC axis control constant-speed command function 





8028 


Time constant for linear-shaped Acc./Dec. in speed command-based continuous 
feed for each axis in PMC-based axis control 





8040 


Number of pulses the position sensor generates at each rotation of the spindle 
on a PMC-controlled axis 


(Specify 360,000 for the IS-B.) 





4016#3 


Setting for the feed-forward smoothing function 





4352#4 


Feed-forward setting 





4352#6 


Inter-spindle amplifier communication slave axis setting 





4352#7 


Inter-spindle amplifier communication master axis setting 





4036 


Feed forward coefficient 





4037 


Velocity loop feed forward coefficient 





4046 
4047 


Velocity proportional gain on Cs contouring control 
(This parameter is selected with the PMC input signal CTH1A.) 





4054 
4055 


Velocity integral gain on Cs contouring control 
(This parameter is selected with the PMC input signal CTH1A.) 





4069 to 4072 


Position gain on Cs contouring control 
(This parameter is selected with the PMC input signal CTH1A.) 





4386 


Number of master-axis spindle sensor teeth 





4387 


Synchronous ratio numerator 





4388 


Synchronous ratio denominator 





4498 


Denominator of the master-axis motor sensor-to-spindle arbitrary gear ratio 





4499 





Numerator of the master-axis motor sensor-to-spindle arbitrary gear ratio 


NOTE 

1 See Section I-1.3, "PARAMETERS RELATED TO 
DETECTORS," for parameters related to detectors. 

2 See Section |-4.1, "VELOCITY LOOP GAIN 
ADJUSTMENT," for velocity loop 
proportional/integral gain tuning. 
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5.8.8 Details of Related Parameters 


This subsection details the serial spindle parameters related to the 
EGB (for the 167, parameter Nos. 4000 to 4999). It also briefly 
describes the parameters related to the position control function for the 
PMC axis control constant-speed command. Refer to an applicable 
CNC Connection Manual (Function) for details of other parameters. 
(a) For Series 167/181 

FANUC Series 167/187/211-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Subsection 1.14.2, “Spindle Electronic Gear Box (M 

series).” 


(1) Summary of parameters related to the position control function for the 
PMC axis control constant-speed command 


161 
8005 


PMCPOS 


16i 


8028 


Unit of data : 
Valid data range : 
Standard setting value : 


This paragraph summarizes parameters related to the position control 
function for the PMC axis control constant-speed command. For 
details of this function and PMC axis control, refer to the "FANUC 
Series 161/187 PMC Axis Control Function Constant-Speed Command 
Position Control Function Description: A-63542E" and Section 15.1, 
"PMC AXIS CONTROL FUNCTION," of the "FANUC Series 
167/181/211-MODEL B Connection Manual (Function) 
(B-63523EN-1)." 


NOTE 
To drive the master axis at a constant speed in the 
Cs contouring control mode, use the position control 


function for the PMC axis control constant-speed 
command. 





#7 #6 #5 #4 #3 #2 #1 #0 

| | | ecros} =| || 
Setting for the type of the PMC axis control constant-speed command 
function 

0: Velocity control 


1: Position control 
To be set to "1" 


Time constant for linear-shaped Acc./Dec. in speed command-based 


continuous feed for each axis in PMC-based axis control 





Imsec / 1000min" 

0 to 32767 

0 

Specify the time constant for linear-shaped Acc./Dec. for the 
PMC-controlled axis. 
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16i 


Number of pulses the position sensor generates at each rotation of the spindle 
8040 on a PMC-controlled axis 


Unit of data: | Minimum detection unit 
Valid data range: 1 to 999,999,999 
Standard setting value: 0 
Specify the number of pulses the position sensor generates at each 
rotation of the spindle on a PMC-controlled axis. 
Specify "360,000" for the IS-B. 


(2) Details of parameters related to serial spindles 
This paragraph details the serial spindle parameters related to the EGB 
(for the 161, parameter Nos. 4000 to 4999). See Section I-2.4, "Cs 
CONTOURING CONTROL," for details of parameters related to Cs 
contouring control. 


161 #7 


#6 #5 #4 #3 #2 #1 #0 
a Le (a a a Fs (el 


FFSMTH _ Setting of smoothing function on feed forward control 
0: Without smoothing function 
1: With smoothing function 
Sets the presence of smoothing function on feed forward control of Cs 
contouring control. 
Specify "1" to use spindle EGB control. 


161 


#7 #6 #5 #4 #3 #2 #1 #0 
4952 |waster| stave | [rratws| | | | 


MASTER _Inter-spindle amplifier communication master axis setting 
0: Non-inter-spindle amplifier communication master axis 
1: Inter-spindle amplifier communication master axis (Set | for the 
master axis.) 


SLAVE _Inter-spindle amplifier communication slave axis setting 
0: Non-inter-spindle amplifier communication slave axis 
1: Inter-spindle amplifier communication slave axis (Set | for the 
master axis.) 


FFALWS _ Feed-forward setting 
0: Feed-forward is enabled only during cutting feed. 
1:  Feed-forward is always enabled. 
Set 0 for the spindle EGB master axis (first spindle) and 1 for the 
slave axis (second spindle). 
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161 
4036 


Unit of data : 
Valid data range : 
Standard setting value : 


161 
4037 


Unit of data : 
Valid data range : 
Standard setting value : 


161 
4386 


Unit of data : 
Valid data range : 
Standard setting value : 


161 
4387 


Valid data range : 
Standard setting value : 
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Feed-forward coefficient 


1% 
0 to 100 


oO 


Set the feed forward coefficient when feed forward control is executed 
on Cs contouring control. 
Set 100 for the spindle EGB slave axis (second spindle). 


Velocity loop feed forward coefficient 


0 to 32767 


Oo 


Set the velocity loop feed forward coefficient when feed forward 
control is executed on Cs contouring control. Set the following 
calculation equation. 
Setting = 214466 x [spindle inertia + rotor inertia] (kgm?) 
motor maximum torque (Nm) 


Number of master-axis spindle sensor teeth 


1X. / rev 
0, 64 to 4096 


oO 


Specify the number of master-axis spindle sensor teeth (position 
sensor). If "0" is specified, EGB synchronous ratio is assumed to be 
"Oo", 


NOTE 


This parameter is valid only for the slave axis 
(second spindle). 





Synchronous ratio numerator 


-32767 to 32767 
0 
Specify the numerator of a synchronous ratio. 


NOTE 


This parameter is valid only for the slave axis 
(second spindle). 
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16i 
4988 
Valid data range: 1 to 65535 
Standard setting value: 0 


16i 
4498 
4499 


Valid data range : 
Standard setting value : 


Specify the denominator of a synchronous ratio. 


NOTE 
This parameter is valid only for the slave axis 
(second spindle). 


Denominator of the master-axis motor sensor-to-spindle arbitrary gear ratio 
Numerator of the master-axis motor sensor-to-spindle arbitrary gear ratio 


0 to 32767 

0 

Specify conversion coefficients (numerator and denominator) to be 
used when the detection arbitrary gear ratio function (DMR function) 
is used where the master-axis spindle position feedback signal is 
obtained by multiplying the feedback signal of the master-axis motor 
sensor (aiM or aiMZ sensor) by the gear ratio. 

If the spindle makes Q turns while the motor shaft makes P turns 
(where P and Q are mutually prime), the settings are: 

Parameter No. 4498 = P and parameter No. 4499 = Q 

If the parameters are "0", they are assumed to be "1". 





NOTE 


This parameter is valid only for the slave axis 
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5.8.9 Diagnosis Signal Related to Spindle EGB 


ia ee 


0717 Synchronous error between master and slave axes.(Weight is slave side) 


NOTE 
1 Displaying this data on the CNC diagnosis screen requires the ai SP TYPE 


B and the i series MODEL B CNC. 

2 Displaying this data on the CNC diagnosis screen requires the following 
CNC software series/editions. 
FS167/1607/1607s-MB :BOH1 series R(18) edition or later 
FS187/1807/180is-MB : BDH1 series R(18) edition or later 
FS181/1807/180is-MB5 : BDH5 series H(08) edition or later 





5.8.10 Status Errors Related to Spindle EGB 
| ErrorNo. | Description =| SC Measure 


Invalid hardware configuration Check the model of the CNC in use. 
An attempt was made to enable both the To use the spindle EGB function, disable the 
spindle EGB and FAD functions. spindle FAD function. 


5.8.11 Alarms 








(1) Spindle alarm 
Error No. Description Measure 

An error occurred in inter-spindle amplifier 

communication. 

An alarm was issued on the destination 

amplifier of inter-spindle amplifier 

communication. 


Check the connection of the cable (JX4). 





Correct the cause of the alarm on the 
destination spindle amplifier. 











(2) CNC alarm 
This subsection lists only the alarms related to the spindle EGB 
function. Refer to an applicable CNC Connection Manual (Function) 
for details. 
(a) For Series 167/181 
FANUC Series 167/18i7-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 1.14.2, “Spindle Electronic Gear Box (M 
series).” 


Alarm No. Description 


A parameter specified for a G81 command is incorrect. 





The format of a G81 block is incorrect. 
A command that should not be issued during synchronous control is issued. 











Incorrect parameter setting for G81: The slave axis has not been specified as a rotary axis. 
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5.9 DIFFERENTIAL SPINDLE SPEED CONTROL 


5.9.1 Overview 


The differential spindle speed control function controls the velocity of 
one spindle (slave axis) relative to the velocity of the other of spindle 


(master axis). 


Applying this function to rigid tapping enables tapping the center of a 
workpiece while rotating a spindle (master axis) that holds a 
workpiece at a constant speed. Therefore, the time required for 
stopping the workpiece axis (master axis) can be reduced. 


5.9.2 Series and Editions of Applicable Spindle Software 


Spindle software 
Series Edition 
F (06) edition or later 


Usable CNC 
FS16i7 / FS18i/ FS21i/ FS0i / FS15i 





A (01) edition or later 


FS30i / FS31i / FS32i 





A (01) edition or later 
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5.9.3 Configuration 


The following figure shows an example of a configuration used for 
differential spindle speed control. 


Spindle motor with Spindle motor with 
built-in aiM sensor built-in oiM sensor 








Master side 
spindle 










Slave side 
spindle 








ai position coder 








mS Directly connected or 


connected with a gear or 
timing belt at a ratio of 1:1 





(Master side) 






(Slave side) 


Sub module SW 





NOTE 

1 The sub module SW (SSW) is required in addition to 
the spindle amplifier to receive the position coder 
signal from the master side. 


When the position coder output of connector JX4 is 
used, spindle amplifier (SP) TYPE B is used (The 
maximum speed available for the position coder 
output is 20000 min’). 
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5.9.4 Description 


(1) The position coder must be connected to the master side spindle 
at the ratio of 1:1. 

(2) The position coder signal from the master side received by the 
sub module SW is output from JX4. 

(3) Differential spindle speed control can be used only during speed 
control mode or rigid tapping. It cannot be used during Cs 
contouring control, spindle synchronous control, or spindle 
orientation. 

(4) When differential spindle speed control is applied to rigid 
tapping (Differential speed rigid tapping), sum of the velocity of 
master spindle and the velocity command of rigid tapping for 
slave spindle must not exceed the maximum speed of slave 
spindle. 

(5) The master side spindle must be kept at a constant speed during 
rigid tapping. Acceleration or deceleration cannot be performed. 

(6) Since the output torque of the motor is normally reduced in 
high-speed rotation areas, the rigid tapping 
acceleration/deceleration constant must be set to a greater value. 


5.9.5 1/0 Signals (C(NC.sPMC) 
(1) Address list of input signals (PMC—>CNC) 


151 16i 307 #7 #6 #5 #4 #3 #2 #1 #0 


1st- G229 G072 G072 DEFMDA| 
2nd- G237 G076 GO076 DEFMDB 

















(2) Details of input signals (PMC—>CNC) 
(a) Speed differential mode specification signal (DEFMDA) 

This signal is used to specify whether differential spindle speed mode 
is enabled. 
0: Differential spindle speed mode disabled 
1: Differential spindle speed mode specified 
While this signal is set to 1, the spindle is controlled in differential 
spindle speed mode. 
The velocity of the slave axis in differential spindle speed mode is 
controlled by the sum of the velocity of the master spindle and the 
velocity command of the slave spindle. 


(3) Output signals (CNC-—>PMC) 


There are no output signals. 
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5.9.6 Examples of Sequences 


ENB 
(CNC->PMC) 


SFRA 
(PMC->CNC) 


SARA 
(CNC->PMC) 


The following shows examples of sequences used when differential 

speed rigid tapping is performed using the first spindle as the slave 

axis (on the tool side). 

<1> When differential spindle speed mode is commanded to slave 
spindle, the slave spindle accelerates to the velocity of the 
master spindle. 

<2> After making sure that the slave spindle accelerates to the 
velocity of the master spindle, start rigid tapping. 

<3> Perform differential speed rigid tapping. 

<4> When the velocity command of the slave spindle is 0 min’, if 
differential spindle speed mode is released upon completion of 
rigid tapping, the slave spindle stops. If the velocity command of 
the slave spindle is commanded not equal to 0 min", the slave 
spindle accelerates or decelerates to the velocity commanded. 


M29 Sxxxx; G84 X..R..; G80 


DEFMDA \ 
(PMC->CNC) . 

RGTAP ! 
(PMC->CNC) 


FIN 
(PMC->CNC) 


Master axis 


rotation speed (on 
the workpiece 


side) \ 

\ 

Slave axis \ 1 
eee eat, NEE WN Ri oes 


rotation speed 
(on the tool 
side) 
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5.9.7 List of Related Parameters 


Parameter No. Beane 
15% 16: 30: 





Description 


Whether the differential spindle speed 
control function is available (to be set to 1) 
Setting of direction for differential spindle 
speed control 

Setting of speed integration operation when 
3017 #6 | 4017 #6 | 4017 #6 | differential spindle speed control is 
exercised 


3000 #5 | 4000 #5 | 4000 #5 





3000 #6 | 4000 #6 | 4000 #6 

















5.9.8 Details of Related Parameters 


151 167 301 


#7 #6 #5 #4 #3 #2 #1 #0 
3000 4000 4000 | [perprt|oerenc] = | | | TS 


DEFFNC Whether differential spindle speed control function is available 
0: Differential spindle speed control is not available 
1: Differential spindle speed control is available (to be set to 1) 


DEFDRT _ Setting of the direction for differential spindle speed control(feedback 
polarity on the master side) 
0: Direction same as the feedback signal 
1: Direction opposite to the feedback signal 


153 16i 30i #7 #6 #5 #4 #3 #2 #1 #0 


soir aor aowz | FE nt | 


VINTDC_ This parameter sets speed integration operation when differential 
spindle speed control is exercised. 
Set this parameter to 1. 


NOTE 
This parameter is valid with 9D50 series M (13) 


edition or later, 9D70 series C (03) edition or later, 
and 9D870 series A (01) edition or later. 





5.9.9 Status Errors on Differential Spindle Speed Control 


Error No. Description Measure 


Differential spindle speed mode and Cs 


as : Check the sequences. 
mode are specified at the same time. 





Differential spindle speed mode is specified 


; . Check the sequences. 
during spindle synchronous control. 





Differential spindle speed mode is specified 


: : : : Check the sequences. 
during spindle orientation. 





Differential spindle speed mode is specified | Check the parameter settings and 
with speed differential control disabled. sequences. 
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5.10 DUAL POSITION FEEDBACK FUNCTION 





5.10.1 Overview 


When position control is performed by Cs contouring control or rigid 
tapping with a machine having a large backlash, vibration can be 
generated in closed loop mode while stable operation is possible in 
semi-closed loop mode. For such a machine system, the dual position 
feedback function provides stable control equivalent to control in 
semi-closed loop mode. 


NOTE 

1 To.use this function, a CNC software option for Cs 
contouring control or rigid tapping is required. 

2 Here, the semi-closed loop refers to positional 


control by motor sensor, and the closed loop refers 
to positional control by spindle sensor. 
The dual position feedback function cannot be used 
on the spindle switch control SUB side. 





5.10.2 Series and Editions of Applicable Spindle Software 


Spindle software 

Series Edition Usable CNC Remarks 
Only the dual position feedback function under Cs 
FS16i / FS18i/FS21i | contouring control is supported. 

/ FSOi/ FS15i The dual position feedback function in the servo mode 

(rigid tapping/spindle positioning) is supported. 
Only the dual position feedback function under Cs 
contouring control is supported. 
The dual position feedback function in the servo mode 
(rigid tapping/spindle positioning) is supported. 


A (01) edition or later 








M (13) edition or later 





A (01) edition or later 





FS30i / FS31i / FS32i 





C (03) edition or later 





FS16i/ FS18i/ FS21i 
A (01) edition or later / FS0i/FS15i 
FS30i / FS31i / FS32i 


Only the dual position feedback function under Cs 
contouring control is supported. 
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5.10.3 Block Diagram 


The following shows a block diagram of dual position feedback: 


ER1 Position gain Spindle motor 


Move ER 


command 





Spindle 
sensor 


Position feedback (from motor sensor) 


Position feedback (from the spindle sensor) 


As shown in the above diagram, error counter ER1 in the semi-closed 
loop and error counter ER2 in the closed loop are prepared. The 
primary delay time constant is expressed as follows: 

Primary delay time constant = (1 + ts)" 


Here, consider actual error ER by time constant. 
(1) When time constant t =0:(1+1s)'=1 
ER = ERI + (ER2 - ER1) = ER2 (error counter in the closed 
loop) 
(2) When time constant t = 00: (1 +t s)'=0 
ER = ERI (error counter in the semi-closed loop) 
From the primary delay time constant, control can be provided in the 
semi-closed loop when a transition state is present, and control can be 
provided in the closed loop when positioning is performed. According 
to this principle, vibration during movement can be suppressed to a 
level equivalent to the level obtained in the semi-closed loop. 
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5.10.4 List of Related Parameters 


Parameter No. 
16i 30: 

4014#7 | 4014#7 |Setting of dual position feedback 

4171 4171 |Denominator of conversion coefficient 

4173 | 4173 |(Selected by spindle control input signal CTH1A) 

4172 | 4172 |Numerator of conversion coefficient 

4174 | 4174 |(Selected by spindle control input signal CTH1A) 

4215 | 4215 |Primary delay time constant in dual position feedback [in Cs contouring control] 

4224 | 4224 |Maximum amplitude in dual position feedback [in Cs contouring control] 

4225 | 4225 |Dual position feedback zero width [in Cs contouring control] 

4354 | 4354 Excessive semi-closed loop/closed loop position error alarm 
detection level 
4520 | 4520 |Primary delay time constant in dual position feedback [in servo mode] 
4521 4521 |Maximum amplitude in dual position feedback [in servo mode] 
4522 | 4522 |Dual position feedback zero width [in servo mode] 
4523 | 4523 Excessive semi-closed loop/closed loop position error alarm 
detection level 





Description 




















[in Cs contouring control] 























[in servo mode] 


NOTE 

1 This subsection lists only those parameters that are 
specific to dual position feedback. For parameters 
related to Cs contouring control, see Section 2.4, "Cs 
CONTOURING CONTROL", in Part |. For 
parameters related to rigid tapping, see Section 2.3, 
"RIGID TAPPING", in Part I. 
The dual position feedback function (FS167: No. 
4520 to No. 4522) in the servo mode (rigid 
tapping/spindle positioning) is usable with the 
following series and editions: 
9D50 series M edition (13 edition) or later 
9D70 series C edition (03 edition) or later 
9D80 series A edition (01 edition) or later 





5.10.5 Details of Related Parameters 


153 161 307 


#7 #6 #5 #4 #3 #2 #1 #0 


DUALFB _ Setting of dual position feedback 
0: Enables dual position feedback. 
1: Disables dual position feedback. 
To use the dual position feedback function, set "1". 
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151 


3215 


151 
3224 


167 


4215 


Unit of data : 
Valid data range : 
Standard setting value : 


167 
4224 


Unit of data : 
Valid data range : 
Standard setting value : 


301 


4215 


30: 
4224 


FANUC AC SPINDLE MOTOR ai series 








5.FUNCTION DESCRIPTIONS _ FANUC BUILT-IN SPINDLE MOTOR Bil series B-65280EN/06 
151 161 30: 
3171 41714171 Denominator of conversion coefficient (HIGH) CTH1A=0 
3172 4172 4172 Numerator of conversion coefficient (HIGH) CTH1A=0 
3173 4173-4173 Denominator of conversion coefficient (LOW) CTH1A=1 
3174 4174-4174 Numerator of conversion coefficient (LOW) CTH1A=1 
Unit of data : 
Valid data range: 0 to 32767 
Standard setting value: 0 


These parameters are used to obtain the feedback amount for one 
rotation of the spindle from the position feedback signal in the 
semi-closed loop (the position feedback signal from the motor sensor) 
when the spindle rotates one turn. 
When the spindle rotates Q turns while the motor shaft rotates P turns 
(P and Q are mutually prime integers), the parameters are set as 
follows: 

No. 4171 (No. 4173 if CTHIA = 1) =P 

No. 4172 (No. 4174 if CTHIA = 1)=Q 
If these parameters are set to "0", "1" is assumed to be set in the 
parameters. 


Primary delay time constant in dual position feedback 
[in Cs contouring control] 


— 
: 
n 
Qo 
QO 


0 to 32767 


oO 


This parameter sets a primary delay time constant in dual position 
feedback when Cs contouring control is exercised. 

If hunting occurs during acceleration/deceleration, set a larger value. 
If this parameter is set to 0, the same setting as for a closed loop (= 
dual position feedback disabled) results. 

Setting "32767" provides control equivalent to the semi-closed loop. 


Maximum amplitude in dual position feedback [in Cs contouring control] 


64 pulses (=0.064deg) 
0 to 32767 


oO 


This parameter sets a maximum amplitude in dual position feedback 
when Cs contouring control is exercised. 

If an error between the position in the semi-closed loop and the 
position in the closed loop exceeds the setting, correction clamping 
occurs. 

If "0" is set, correction clamping does not occur. 
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151 167 301 
3225 4225 4225 


Unit of data : 
Valid data range : 
Standard setting value : 


151 167 301 


3354 4354 4354 


Unit of data : 
Valid data range : 
Standard setting value : 


151 167 301 
3520 4520 4520 


Unit of data : 
Valid data range : 
Standard setting value : 


Dual position feedback zero width [in Cs contouring control] 


1 pulse (=0.001deg) 

0 to 32767 

0 

This parameter sets a dual position feedback zero width when Cs 
contouring control is exercised. 

Positioning is performed so that the difference in position between the 
closed loop and semi-closed loop does not exceed the pulse width 
equivalent to the parameter-set value. 

Set "0" first, and if an unstable condition is observed when the 
machine is stopped, increase the setting. 


Excessive semi-closed loop/closed loop position error alarm detection level 
[in Cs contouring control] 


64 pulses (=0.064deg) 

0 to 32767 

0 

This parameter sets an excessive semi-closed loop/closed loop 
position error alarm (spindle alarm 61) when Cs contouring control is 
exercised. 

When the position difference (semi-closed loop/closed loop position 
error) between the semi-closed loop and the closed loop exceeds the 
value set in this parameter, the alarm (spindle alarm 61) is issued. 


Primary delay time constant in dual position feedback [in servo mode] 


Imsec 

0 to 32767 

0 

This parameter sets a primary delay time constant in dual position 
feedback in the servo mode (rigid tapping/spindle positioning). 

If hunting occurs during acceleration/deceleration, set a larger value. 
If this parameter is set to 0, the same setting as for a closed loop (= 
dual position feedback disabled) results. 

Setting "32767" provides control equivalent to the semi-closed loop. 


NOTE 
This parameter is valid with 9D50 series M (13) 


edition or later, 9D70 series C (03) edition or later, 
and 9D80 series A (01) edition or later. 
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151 167 30 
3521 4521 4521 


Unit of data : 
Valid data range : 
Standard setting value : 


151 167 301 
3522 4522 4522 


Unit of data : 
Valid data range : 
Standard setting value : 


Maximum amplitude in dual position feedback [in servo mode] 


1 pulse unit (=360/4096 degrees) 

0 to 4095 

0 

This parameter sets a maximum amplitude in dual position feedback in 
the servo mode (rigid tapping/spindle positioning). 

If an error between the position in the semi-closed loop and the 
position in the closed loop exceeds the setting, correction clamping 
occurs. 

If "0" is set, correction clamping does not occur. 

If a value not within the valid data range is set, the value is clamped to 
the maximum allowable value. 


NOTE 
This parameter is valid with 9D50 series M (13) 


edition or later, 9070 series C (03) edition or later, 
and 9D80 series A (01) edition or later. 





Dual position feedback zero width [in servo mode] 


1 pulse unit (=360/4096 degrees) 

0 to 4095 

0 

This parameter sets a dual position feedback zero width in the servo 
mode (rigid tapping/spindle positioning). 

Positioning is performed so that the difference in position between the 
closed loop and semi-closed loop does not exceed the pulse width 
equivalent to the parameter-set value. 

Set "0" first, and if an unstable condition is observed when the 
machine is stopped, increase the setting. 

If a value not within the valid data range is set, the value is clamped to 
the maximum allowable value. 


NOTE 
This parameter is valid with 9D50 series M (13) 


edition or later, 9070 series C (03) edition or later, 
and 9D80 series A (01) edition or later. 
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151 167 301 


Excessive semi-closed loop/closed loop position error alarm detection level 
3523 4523 4523 [in servo mode] 


Unit of data: 1 pulse unit (=360/4096 degrees) 
Valid data range: 0 to 4095 
Standard setting value: 0 
This parameter sets an excessive semi-closed loop/closed loop 
position error alarm (spindle alarm 61) in the servo mode (rigid 
tapping/spindle positioning). 
When the position difference (semi-closed loop/closed loop position 
error) between the semi-closed loop and the closed loop exceeds the 
value set in this parameter, the alarm (spindle alarm 61) is issued. 
If a value not within the valid data range is set, the value is clamped to 
the maximum allowable value. 


NOTE 
This parameter is valid with 9D50 series M (13) 


edition or later, 9070 series C (03) edition or later, 
and 9D80 series A (01) edition or later. 





5.10.6 Spindle Alarm 
| ErrorNo. | ———CiDescription =| Measure 





The difference (semi-closed loop/closed : 
- : Correct the cause of the semi-closed 
61 position error) between the semi-closed loop lsenielosad pcstign wor 
and the closed loop exceeds the set value. e P : 
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5.11.1 Overview 


The torque tandem control function controls two mechanically 
connected spindle motors by using the same torque command. 


NOTE 
To use this function, the CNC software option 
(spindle tandem control) is required. 
To use this function, SP TYPE B is required. 
When this function is used, the spindle amplifiers 
and spindle motors of the master and slave must 
be of the same model. 
For the master and slave axes, use the spindle 
software of the same series and edition. 
This function cannot be used together with the 
following functions: 
- Spindle synchronous control function 
- Speed range switching function 
- Spindle switching function 
- Position coder signal output function 
- Spindle EGB function 
- Spindle leaning control function 
- Synchronous built-in spindle motor driving 
No limitation is imposed on master and slave axis 
assignment. 
In the descriptions below, the following assignment 
is used for convenience: 
Master spindle amplifier: First spindle 
Slave spindle amplifier: Second spindle 





5.11.2 Series and Editions of Applicable Spindle Software 


Spindle software 
Series Edition Usable CNC 
M (13) edition or later | FS16i/FS18i/ FS15i 
C (03) edition or later | FS307 / FS31i 
FS16i/FS18i/ FS21i/ FS0i/ FS15i 
FS30i / FS31i / FS32i 








A (01) edition or later 
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5.11.3 System Configuration 
NOTE 


1 For connection details of each cable, refer to 
"FANUC SERVO AMPLIFIER ai series 


DESCRIPTIONS (B-65282EN)". 
2 The common power supply (PS) emergency stop 
signal (connector CX4) needs to be input for each 





(1) Sample configuration 1: System where the master spindle and slave 
spindle are mechanically connected or disconnected when a workpiece is 
attached or detached 


Spindle motor 
(master) 






aiM/aiMZ sensor 


1st spindle 
(master) 
SP TYPE B 


2nd spindle 
(slave) 
SP TYPE B 


aiM/aiMZ sensor 


Spindle motor 
(slave) 


NOTE 
When the master and slave are mechanically 


disconnected, torque tandem control cannot be 
used. In this case, cancel the tandem operation 
mode. 
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(2) Sample configuration 2: System where the table axis is driven by two 
motors 


Spindle motor 
(master) 












aiM sensor 






1st spindle 
(master) 


SP Type B Gear 











aiBZ sensor — 


Inter-spindle — 
amplifier connection 


Spindle 


2nd spindle 
(slave) 
SP Type B 





Spindle motor 
(slave) 
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I/O Signals (CNC < PMC) 


NOTE 

1 Acommand for the spindles engaged in tandem 
operation is issued to the master spindle amplifier. 
The input signal specifications are the same as for 
ordinary spindles (for which the torque tandem 
function is not used). 
For details of signals used in each control mode, 
see Chapter 3, "I/O SIGNALS", in Part I. 
During tandem operation, no signal needs to be 
input from the PMC to the tandem function slave 
spindle amplifier. Those signals that are required to 
drive the slave spindle amplifier are transferred 
from the master spindle amplifier by inter-spindle 
amplifier communication. 
During tandem operation, use a signal output from 
the master spindle amplifier for sequence 
determination (such as speed arrival determination 
and alarm detection). (No signal output from the 
slave spindle amplifier is needed.) 





(1) Input signals (PMC —+ CNC) 


1st- 


2nd- 


151 


G226 


G234 


16i 30: 
G071 GO071 
G075 G075 


SOCNA 
SOCNB 


#7 #6 #5 #4 #3 #2 #1 #0 









































Soft start/stop signal (for the first spindle) 

Soft start/stop signal (for the second spindle) 

0: Disables the soft start/stop function. 

1: Enables the soft start/stop function. 

These signals enable or disable the soft start/stop function. 

Use these signals when limiting the specified acceleration rate to 
reduce a mechanical shock during acceleration/deceleration. 

During tandem operation (SLVx = 1), the signals need not be input to 
the slave spindle amplifier. 
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151 163 30i #7 #6 #5 #4 #3 #2 #1 #0 


1st-  G228.-G073_ GO73 | MPOFA | SLVA 
2nd- G236 -GO77__-G077 MPOFB | SLVB 


SLVA Tandem operation command (for the first spindle) 
SLVB Tandem operation command (for the second spindle) 
0: Makes a request to disable tandem operation. 
1: Makes a request to enable tandem operation. 
These signals enable or disable tandem operation. 
When using the torque tandem function, set these signals to 1 for both 
of the master and slave. 


























NOTE 

1 Both of the master and slave must be stopped 
before these signals can be switched. 
During rotation, these signals cannot be accepted. 
Switch these signals in the speed control mode. In 


a mode other than the speed control mode, these 
signals cannot be accepted. 

When the master and slave are mechanically 
disconnected with each other, do not set these 
signals to 1. 





MPOFA Motor power turn-off signal (for the first spindle) 
MPOFB Motor power turn-off signal (for the second spindle) 
0: Normal operation 
1: Turns off the power to the motor. 
These signals turn off the power to the motor. 
During tandem operation (SLVx = 1), these signals need not be input 
to the slave spindle amplifier. 


NOTE 
If an error such as an excessive master-slave 
speed difference is detected when torque tandem 
operation is enabled, the power to both of the 


master motor and slave motor must be turned off 
simultaneously to minimize damage to the 
machine. In such a case, be sure to turn off the 
power to both motors by using these signals. 
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(2) Output signals (CNC — PMC) 


15i 161 += 30% 
tst- F229. F045 F045 
2nd- F245 F049 «F049 
SSTA 
SSTB 
15i 161 += 30% 
tst- F228 F046 F046 
2nd- F244. -F050_~—-F050 
SLVSA 
SLVSB 
15i = 161 = 30% 

tst- F231. F047 F047 

2nd- F247. F051_—«#F051 
MSOVRA 
MSOVRB 


#7 #6 #5 #4 #3 #2 #1 #0 


SSTA 
am 
































Speed zero detection signal (for the first spindle) 

Speed zero detection signal (for the second spindle) 

0: The spindle motor is rotating. 

1: The spindle motor is in the speed zero (stopped) state. 

After checking that these signals are set to 1 with both of the master 
and slave, switch the tandem operation command SLVx. 

When these signals are set to 0, the tandem operation command 
cannot be accepted. 


#7 #6 #5 #4 #3 #2 #1 #0 


Tandem operation state signal (for the first spindle) 

Tandem operation state signal (for the second spindle) 

0: Tandem operation is disabled. 

1: Tandem operation is enabled. 

After checking that these signals are set to 1 with both of the master 
and slave, issue a command to the master spindle amplifier. 









































#7 #6 #5 #4 #3 #2 #1 #0 









































Master-slave speed difference state signal(for the first spindle) 

Master-slave speed difference state signal (for the second spindle) 

0: The speed difference between the master and slave is less than 
the set value. 

1: The speed difference between the master and slave is equal to or 
greater than the set value. 

These signals indicate whether or not the speed difference between the 

master motor and slave motor is less than the value set in the 

parameter (FS167: No. 4347). 

The signal for the slave spindle amplifier need not be monitored. (At 

all times, 0 is output.) 


NOTE 
Monitor the states of these signals on the PMC. 


Ensure that an alarm is issued if an error occurs 
(for example, if the state of 1 lasts for a certain 
period of time). 
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5.11.5 Examples of Sequences 


NOTE 
Examples of sequences are given below assuming 


the following: 
First spindle: Master spindle amplifier 
Second spindle: Slave spindle amplifier 





(Example 1) Speed control mode 
Speed zero detection 
signal 
SSTA&SSTB 


Tandem operation 
command 
SLVA&SLVB 





Tandem operation ; 300ms or more 


state 
SLVSA&SLVSB 


Spindle speed Sxxxx (#0) 
command 


S code 


Master spindle 
amplifier spindle 
rotation command 
SFRA&SRVA 


Motor speed 
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(Example 2) Spindle orientation 
Speed zero detection 
signal 
SSTA&SSTB 


Tandem operation 
command 
SLVA&SLVB 






¢—>! 300ms or more 


Tandem operation 
state 
SLVSA&SLVSB 


Sxxxx (#0) 
Spindle speed 
command 

S code 


Master spindle 
amplifier spindle 
rotation command 
SFRA&SRVA 


Master spindle 
amplifier orientation 
command ORCMA 


Master spindle 
amplifier orientation 
completion signal 
ORARA 


ning 


Motor speed 
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(Example 3) Rigid tapping 
Speed zero detection 

signal 

SSTA&SSTB 





Tandem operation 


command 
300ms or 
SLVA&SLVB more 
| i} 
Tandem operation 
state 
SLVSA&SLVSB 


Master spindle 
amplifier spindle 
rotation command 
SFRA&SRV 


Rigid tapping 
command 
M29 Sxxxx 
G84 Zyyyy... 


Motor speed 
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(Example 4) Cs contouring control 


Speed zero detection 


signal 
SSTA&SSTB 


Tandem operation 
command 
SLVA&SLVB 


Tandem operation 
state 
SLVSA&SLVSB 


Spindle speed 
command 
S code 


Master spindle 
amplifier spindle 
rotation command 
SFRA&SRVA 


Cs contouring control 


command 
GOO CO. 
G01 Cxxxx... 


Motor speed 






300ms or more 


Sxxxx (#0) 
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5.11.6 Parameters 


(1) Cautions 
For the master spindle amplifier and slave spindle amplifier, set the 
same parameters except for the following specific parameters: 


Parameter No. 
16: 





Description Master setting Slave setting 


Depending on the | Depending on 
Spindle sensor type spindle the spindle 

configuration configuration 
Relationship of master/slave motor | Depending on the 
3353#2 4353#2 4353#2 rotation directions in torque spindle 0 
tandem operation configuration 
Inter-spindle amplifier 
communication setting 


3002 4002 4002 
#3 to #0 #3 to #0 #3 to #0 








3352#7 #6 4352#7,#6 | 4352#7,46 1,0 0, 1 





Machine by 
3360 4360 4360 Preload value machine 
(adjustment value) 




















(2) List of parameters 


Parameter No. 
163 





Description 


Motor power turn-off method when spindle alarm 24 (serial data transfer 
error) is issued 
Relationship of master/slave motor rotation directions in torque tandem 
operation 
3015#3 4015#3 4015#3 Whether to use the spindle tandem function 
3353#1 4353#1 4353#1 Velocity feedback signal setting in torque tandem operation 
3398#3 4398#3 4398#3 Whether to use the twin drive function 
Whether to detect a speed polarity error (spindle alarm dO) in torque 
tandem operation 
335246 4352#6 4352#6 Inter-spindle amplifier communication slave axis setting 
3352#7 4352#7 4352#7 Inter-spindle amplifier communication master axis setting 
3347 4347 4347 Master-slave speed difference state signal output setting 
3360 4360 4360 Preload value 


3009#2 4009#2 4009#2 





3353#2 4353#2 4353#2 














3398#6 4398#6 4398#6 
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(3) Details of Parameters 


151 = 16i_—~=— 30 #7 


#6 #5 #4 #3 #2 #1 #0 
goog 409 goog f | | | Tt se | 


ALSP Motor power turn-off method when spindle alarm 24 (serial data 
transfer error) is issued 
0: Turns off the power after the motor is decelerated to a stop. 
1: Turns off the power immediately. (Set this parameter to 1.) 


NOTE 
If an alarm is issued during torque tandem 
operation, the power to both of the master motor 
and slave motor must be turned off simultaneously 


to prevent the machine from being damaged. When 
using the torque tandem function, be sure to set 
this parameter to 1 to turn off the power to the 
motors immediately if a CNC-SP communication 
error occurs. 





151 = 116i =~ 30 #7 


#6 #5 #4 #3 #2 #1 #0 
sis aos gots | | serow] | 


SPDTDM Whether to use the spindle tandem function (The CNC software 
option is required.) 
0: Does not use the spindle tandem function. 
1: Uses the spindle tandem function. 


NOTE 
If this bit is set to 0, the torque tandem function 


does not operate normally. When this bit is set to 0, 
check the software option. 





151 167 301 


#7 #6 #5 #4 #3 #2 #1 #0 
3352 4352 4352 [waster| stave] | | | TT 


SLAVE _ Inter-spindle amplifier communication slave axis setting 
0: Non-inter-spindle amplifier communication slave axis 
1: Inter-spindle amplifier communication slave axis (Set this 
parameter to | for the slave spindle amplifier.) 


MASTER _Inter-spindle amplifier communication master axis setting 
0: Non-inter-spindle amplifier communication master axis 
1: Inter-spindle amplifier communication master axis (Set this 
parameter to 1 for the slave spindle amplifier.) 
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151 = 116i =~ 30 #7 


#6 #5 #4 #3 #2 #1 #0 
sss3 4353 4353 | || vsvea | vepav | 


VFBAV _ Velocity feedback signal setting in torque tandem operation 

0: For speed control, the master spindle amplifier motor speed only 
is used. 

1: For speed control, the average speed of the master spindle 
amplifier and slave spindle amplifier is used. 

By exercising speed control using the average speed feedback value of 

the master and slave, vibration caused by spindle backlash may be 

suppressed. 


RVSVC2_ Relationship of master/slave motor rotation directions in torque 
tandem operation 

0: The master motor and slave motor rotate in the same direction at 
spindle rotation time (as viewed from the motor shaft). 

1: The master motor and slave motor rotate in the opposite 
directions at spindle rotation time (as viewed from the motor 
shaft). 

This parameter sets the polarity for a speed command and feedback 

signal in torque tandem operation. 


NOTE 

1 This parameter need not be set for the slave 
spindle amplifier side. (The setting for the master 
spindle amplifier is transferred to the slave spindle 
amplifier by inter-spindle amplifier communication. ) 


If the setting of this parameter is improper, the 
torque tandem function does not operate normally. 
If the spindle is rotated in this state, the speed 
polarity error alarm (spindle alarm dO) is issued in 
torque tandem operation. 





151 = 16i_~=— 303 #7 


#6 #5 #4 #3 #2 #1 #0 
ss08 4398 4398 | [assopn| | wnromt | 


WNDTDM _ Whether to use the twin drive function 
Set this parameter to 0. 


NOTE 
If this bit is set to 1, the torque tandem function 


does not operate normally. Be sure to set this bit to 
0. 





A130DN Whether to detect a speed polarity error (spindle alarm dO) in torque 
tandem operation 
0: Detects the error. 
1: Does not detect the error. 
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151 161 307 
3347 4347 4347 


Master-slave speed difference state signal output setting 


Unit of data: = 1min™ 
*(10min” when bit 2 (SPDUNT) of parameter No. 4006 is set to 1) 
Valid data range: 0 to 32767 


Standard setting value: 0 
This parameter sets a level for detecting the master-slave speed 
difference state signal (MSOVRA:F47#2, MSOVRB:F51#2). 
If this parameter is set to 0, the setting of 100 is assumed. 


Preload value 


Unit of data: +16384 equivalent to a torque command of 100% 
Valid data range: -8192 to 8192 (-50% to +50%) 
Standard setting value: 0 
This parameter sets a preload value. 
This parameter may suppress stop-time vibration caused by backlash. 


151 161 307 
3360 4360 4360 


NOTE 
This parameter need not be set for the slave 


spindle amplifier side. (The setting for the master 
spindle amplifier is transferred to the slave spindle 
amplifier by inter-spindle amplifier communication. ) 





5.11.7 Alarm and Status Error 


(1) Spindle alarm 


Alarm No. Measure 


Description 
An inter-spindle amplifier communication error 
occurred. 
An alarm was issued on the destination spindle 
amplifier of inter-SPM communication. 
The relationship between the speed polarity of 
the master motor and the speed polarity of the 
slave motor is abnormal. 


Check the connection of the cable (JX4). 





Correct the cause of the alarm on the 
destination spindle amplifier. 





Check the rotation direction relationship setting 
(FS16i: Bit 2 of No. 4353). 











(2) Spindle amplifier status error 


Error No. 


Description 


A tandem operation command was input when 
spindle synchronous control is enabled. 


Measure 


Input a tandem operation command _ after 
canceling spindle synchronous control. 





Spindle synchronous control was_ specified 
when tandem operation is enabled. 


Specify spindle synchronous control after 


canceling torque tandem operation. 





A tandem operation command is input even if 
the option is not specified. 


Torque tandem control requires the CNC 
software option. Check the option. 








- Parameters related to inter-spindle amplifier 
communication are not set correctly. 

- Functions that cannot be used together with 
the torque tandem function are set. 
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5.72 MAGNETIC SENSOR METHOD SPINDLE ORIENTATION 


5.12.1 Overview 





Magnetic sensor method spindle orientation is a function for stopping 
the spindle at a specified position by receiving a position feedback 
signal from a magnetic sensor directly attached to the spindle of the 
machine. 


NOTE 
1 To use this function, the CNC software option 


(spindle orientation) is required. 
2 Touse this function, SP TYPE B is required. 





5.12.2 Series and Editions of Applicable Spindle Software 


Spindle software 

Series Edition Usable CNC 
F (06) edition or later | FS16i/FS18i/ FS21i/ FS0i/ FS15i 
A (01) edition or later | FS30i / FS31i / FS32i 
FS16i/FS18i/ FS21i/ FS0i/ FS15i 
FS30i / FS31i/ FS32i 








A (01) edition or later 











5.12.3 System Configuration 


The magnetic sensor method spindle orientation function can be used 
with the following system configuration: 

Spindle motor with a 

built-in aiM (or aiMZ) 


el Spindle 
magnetic 


sensor grrrestteteassnateaeed | i Magnetic sensor 
signal i : head 

conversion : 
adaptor 













Vabeneudeeuanatesevansecasiauseeataier: 
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NOTE 
For the hardware specifications of the magnetic 
sensor and magnetic sensor signal conversion 


adaptor and connection details of each cable, refer 
to "FANUC SERVO AMPLIFIER ai series 
DESCRIPTIONS (B-65282EN)". 





5.12.4 0 Signals (CNC < PMC) 


The specifications of I/O signals are the same as for position coder 
method spindle orientation. For details of the specifications, see 
Section 2.2, "POSITION CODER METHOD — SPINDLE 
ORIENTATION", in Part I. 


(1) Address list of input signals (PMC — CNC) 


151 161 30 
1st- G227 G070 G070 
2nd- G235 G074 G074 


#7 #6 #5 #4 #3 #2 #1 #0 
| forcmal =| [crt crnaa| | 
| jorews| | [cre [crran| | 
(2) Address list of output signals (CNC — PMC) 





151 161 30 
1st- F229 F045 F045 
2nd- F245 F049 F049 


5.12.5 Sequence 


#7 #6 #5 #4 #3 #2 #1 #0 
forara| = | | | 
fomane) |= — ii i 





The sequence is the same as for position coder method spindle 
orientation. For details of the specifications, see Section 2.2, 
"POSITION CODER METHOD SPINDLE ORIENTATION", in Part 
1. 
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5.12.6 Parameters 


(1) List of parameters 


Parameter No. 
16: 





Description 


Whether the spindle orientation function is available (to be set to "1") 
(The CNC software option is required.) 


3015 #0 4015 #0 4015 #0 








3001 #3 4001 #3 4001 #3 _|Magnetic sensor attachment direction 
Whether to use the position coder method spindle orientation function or 
3003 #0 4003 #0 4003 #0 |magnetic sensor method spindle orientation function (to be set to 1 to use 


the magnetic sensor method) 
3003 #3,4#2 | 4003 #3,#2 | 4003 #3,#2 [Rotation direction for spindle orientation 











3042 4042 4042 Velocity proportional gain on orientation 

3043 4043 4043 (These parameters are selected with the input signal CTH1A.) 
3050 4050 4050 Velocity integral gain on orientation 

3051 4051 4051 (These parameters are selected with the input signal CTH1A.) 





Gear ratio data between spindle and motor 

(These parameters are selected with the input signals CTH1A and CTH2A.) 
Position gain on orientation 

(These parameters are selected with the input signals CTH1A and CTH2A.) 


3056 to 3059 | 4056 to 4059 | 4056 to 4059 





3060 to 3063 | 4060 to 4063 | 4060 to 4063 



































3064 4064 4064 Ratio of position gain change upon completion of spindle orientation 
3075 4075 4075 Orientation completion signal detection level 

3076 4076 4076 Spindle orientation speed limit ratio 

3077 4077 4077 Orientation stop position shift value 

3078 4078 4078 MS signal constant 

3079 4079 4079 MS signal gain adjustment 

3084 4084 4084 Motor voltage on spindle orientation 

3038 4038 4038 Spindle orientation speed 





(2) Details of parameters 


151 = 161 =~ -30 #7 


#6 #5 #4 #3 #2 #1 #0 
soo1 4001 goon | TT Tt coe | | 


MGDIR Magnetic sensor attachment direction 
0: The motor and magnetic sensor rotate in the opposite directions. 
1: he motor and magnetic sensor rotate in the same direction. 
The spindle motor rotates counterclockwise as viewed from the motor 
shaft when the forward rotation command SFRA = 1. 
Make such an arrangement that the check hole of the magnet and the 
pin groove of the magnetic sensor face each other so that the magnetic 
sensor and magnet rotate in the directions shown in the figure below 
when SFRA = 1. In this case, set this bit to 0. If the arrangement is 
opposite to that shown in the figure below, set this bit to 1. 
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Magnet check 
reference hole 





Magnetic 
sensor head 







Rotation 


<= Ddirection 





NOTE 
Note that the specification of this parameter is 
different from the ao series. 





151 161 30: #7 


#6 #5 #4 #3 #2 #1 #0 
soos 400s 400s | | | Tecra Jones] Ppcwcst| 


DIRCT1, DIRCT2 Rotation direction at spindle orientation 

DIRCT2 | DIRCT1 Rotation direction 
By rotation direction immediately before (CCW for the 
first-time spindle orientation after the power is switched on) 
By rotation direction immediately before (CW for the 
first-time spindle orientation after the power is switched on) 
CCW direction looking from shaft of motor 
CW direction looking from shaft of motor 























PCMGSL: Orientation method selection 
Set this bit to 1 (magnetic sensor method). 


151 161 307 
3038 4038 4038 


Unit of data: — 1min" 
(*10min’' when bit 2 (SPDUNT) of parameter No. 4006 is set to 1) 
Valid data range: 0 to 32767 
Standard setting value: 0 
This data is used to set an orientation speed at the spindle end. 
If this data is set to 0, an orientation speed is determined from the 
position gain and the motor speed limit ratio in orientation. 


157 167 301 


3042 4042 4042 Velocity proportional gain on orientation (HIGH) CTH1A=0 
3043 4043 4043 Velocity proportional gain on orientation (LOW) CTH1A=1 


Unit of data : 
Valid data range: 0 to 32767 
Standard setting value: 10 
This data is used to set the velocity loop proportional gain on spindle 
orientation. 
When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 
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157 167 301 


3050 4050 4050 Velocity integral gain on orientation (HIGH) CTH1A=0 
3051 4051 4051 Velocity integral gain on orientation (LOW) CTH1A=1 


Unit of data : 
Valid data range: 0 to 32767 
Standard setting value: 10 
This data is used to specify a velocity loop integral gain for spindle 
orientation. 
When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 





157 167 301 


3056 4056 4056 
3057 4057 4057 


3058 4058 4058 Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
3059 4059 4059 Gear ratio (LOW) CTH1A=1, CTH2A=1 





Unit of data: | Number of motor rotations per spindle rotation / 100 
(Number of motor rotations per spindle rotation / 1000 if bit 1 of 
parameter No. 4006 (GRUNIT) = 1) 
Valid data range: 0 to 32767 
Standard setting value: 100 
This data is used to set a gear ratio between the spindle and spindle 
motor. 
For example, if the motor makes 2.5 rotations while the spindle makes 
1 rotation, set 250 in this parameter. 
A parameter is selected according to the values of the input signals 
CTHIA and CTH2A. 
Ensure that the state of the gear or clutch corresponds to the values of 
CTHIA and CTH2A. 


NOTE 
If an improper value is set in these parameters, an 
unexpected operation such as endless spindle 
rotation at orientation time can result. 
So, be sure to set a proper gear ratio. 


157 167 30 


3060 4060 4060 Position gain on orientation (HIGH) CTH1A=0, CTH2A=0 
3061 4061 4061 Position gain on orientation (MEDIUM HIGH) CTH1A=0, CTH2A=1 
3062 4062 4062 Position gain on orientation (MEDIUM LOW) CTH1A=1, CTH2A=0 





3063 4063 4063 Position gain on orientation (LOW) CTH1A=1, CTH2A=1 


Unit of data: — 0.01sec” 
Valid data range: 0 to 32767 
Standard setting value: 1000 
These data are used to set the position gain on spindle orientation. 


A parameter is selected according to the values of the input signals 
CTHIA and CTH2A. 
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151 161 307 
3064 4064 4064 


Unit of data : 
Valid data range : 
Standard setting value : 


151 167 301 


3075 4075 4075 


Unit of data : 
Valid data range : 
Standard setting value : 


FANUC BUILT-IN SPINDLE MOTOR Bil series 5.FUNCTION DESCRIPTIONS 


Ratio of position gain change upon completion of spindle orientation 


1% 

0 to 1000 

100 

This data is used to set a position gain change ratio upon completion 
of orientation. 


Orientation completion signal detection level (effective area for in-position 





check)) 


+0.1deg 

0 to 100 

10 

This data is used to set the detecting level of orientation completion 
signal (ORARA). 

The orientation completion signal (ORARA) is set to | if the spindle 
position is within the set data range when orientation is stopped. 

When the orientation command (ORCMA) is turned off (= 0), the 
orientation completion signal (ORARA) is set to 0. 


151 161 301 
3076 4076 4076 
Unit of data: 1% 
Valid data range: 0 to 100 
Standard setting value: 33 
This data is used to set an orientation speed limit ratio. 
Orientation Bosiiion-asin Speed 
speed = 60 x g x gear ratio x limit ratio [min] 
(motor speed) 100 100 


157 167 
3077 4077 


301 
4077 


Unit of data : 
Valid data range : 
Standard setting value : 


Orientation stop position shift value 


+0.01deg 

-100 to 100 

0 

This data is used to shift the stop position. 

When a plus (+) value is set, the spindle stop position is shifted in the 
CCW direction by the set number of pulses. 
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157 
3078 


167 
4078 


301 
4078 


Unit of data : 
Valid data range : 
Standard setting value : 


151 161 307 
3079 4079 4079 


Unit of data : 
Valid data range : 
Standard setting value : 


Specification 
drawing number 


Not specified. 
Standard 


A57L-0001-0037 


FANUC AC SPINDLE MOTOR ai series 


FANUC BUILT-IN SPINDLE MOTOR Bil series B-65280EN/06 


MS signal constant 


80 to 1000 

200 

This data is used to set a value calculated from the expression below. 
L . 1 
2 2nxH 





Settings = x 4096 


where 
L: Magnet length [mm] 
H : Distance from the spindle center to magnet [mm] 
Example When H= 100 mm and L=50 mm 
(50/2) 


See x 4096 —= 163 


MS signal constant = 


MS signal gain adjustment 


-128 to 127 

0 

This data is used to adjust the amplitude of the MS signal. Usually, 

use the values indicated in the table below as standard values. 

MS signal 
gain 





Length [mm] 


Standard (TYPE I!) 





A57L-0001-0037/N 


Magnetic sensor N 





Magnetic sensor P_| A57L-0001-0037/P 


Compact type (TYPE III) 





Magnetic sensor Q | A57L-0001-0037/Q 


Cylinder type with diameter of 40 (TYPE IV) 





Magnetic sensor R_| A57L-0001-0037/R 


Cylinder type with diameter of 050 (TYPEV) 





Magnetic sensor S_| A57L-0001-0037/S 


Cylinder type with diameter of 660 (TYPEVI) 





A57L-0001-0037/T 





Magnetic sensor T 


151 161 30: 
3084 4084 4084 


Unit of data : 
Valid data range : 
Standard setting value : 














Cylinder type with diameter of 70 (TYPEVII) 


Motor voltage setting on orientation 


1% 

0 to 100 

30 

This data is used to specify the motor voltage for spindle orientation. 
Depending on the motor model, set 30 usually. 
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5.13 SPINDLE BACKLASH ACCELERATION FUNCTION 





5.13.1 Overview 


The spindle backlash acceleration function improves a figure error 
caused by the delayed reversal along the Cs contouring control axis. 


NOTE 
To use this function, the CNC software option (Cs 
contouring control) is required. 
This function is valid for advanced preview 


feed-forward in the Cs contouring control mode. 
This function is unavailable for the sub-spindle for 
spindle switching. 

This function cannot be used together with the 
spindle EGB function. 





5.13.2 Series and Editions of Applicable Spindle Software 


Spindle software 

Series Edition Usable CNC 
O(15) edition or later | FS16i/FS18i/ FS21i / FSOi / FS15i 
F (06) edition or later | FS30i / FS31i / FS32i 
FS16i/FS18i/ FS21i/ FS0i/ FS15i 
FS30i / FS31i / FS32i 











A (01) edition or later 








5.13.3 Block Diagram 


The following shows a block diagram of spindle backlash 
acceleration. 


a: Advanced preview FF 
coefficient (P4344) 


Velocity loop 
(PI controller) 







PG: Position gain 


Kp: Proportional gain 
(P406x) 


Move (P404x) 


command 






Torque 
command 










Position Velocity 
feedback feedback 


Backlash acceleration 
compensation calculation 


Backlash acceleration: Compensation (P4455) 
Backlash acceleration: Stop timing (P4456) 





Backlash acceleration ON/OFF 
(P4402#0) 
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5.13.4 Parameters 


(1) List of parameters 


Parameter No. 





153 16 
3402#0 4402#0 


301 Description 


4402#0 |Whether to enable the backlash acceleration function 





3402#1 4402#1 
3455 4455 


Setting of the feed-forward coefficient when the backlash 


ee acceleration function is enabled. 


4455 Backlash acceleration: Compensation 








3456 4456 


(2) Details of parameters 


157 16i 30: 
3402 4402 4402 


BKAFNC 


MDLINF 


151 161 30: 
3455 4455 4455 


Unit of data : 
Valid data range : 
Standard setting value : 


151 161 30: 
3456 4456 4456 


Unit of data : 
Valid data range : 
Standard setting value : 











4456 Backlash acceleration: Stop timing 


#7 #6 #5 #4 #3 #2 #1 #0 


a ee ee ec 


Whether to enable the backlash acceleration function 
0 : Disables the backlash acceleration function. 
1 : Enables the backlash acceleration function. 


Sets the advanced preview feed-forward coefficient when the backlash 
acceleration function is enabled. 

Set “0” when the advanced preview feed-forward coefficient is less 
than 100% (parameter No. 4344 is not 10000) or 

“1” when the coefficient is 100% (parameter No. 4344 is 10000). 


Backlash acceleration: Compensation 


0 to 32767 
0 
This parameter sets the backlash acceleration compensation. 


Backlash acceleration: Stop timing 


0.001deg 

0 to 32767 

0 

This parameter sets the timing of the termination of backlash 
acceleration. 
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5.13.5 Example of Adjustment 


(1) CNC program 


Prepare a program which draws an arc (eccentric arc) with polar 
coordinate interpolation as shown below: 


Imaginary C-axis 














Origin of workpiece 
coordinate system 1 


G90 

G54 

G00 X15. CO. 
G5.1 Q1 
G12.1 

G04 X5. 

G02 120. JO 
G13.1 

G5.1 QO 
M99 


C-axis move area 


N 
x 
N 
y 
N 
N 
XN 
\ 
», 
N 


SS 


fst “ie soo ST ie as Se ei of 





art point (15, 0 


? 
, 
, 
, 
[Start point (18, )} 
, 


Center of circle (35, 0) 
Radius of circle 20mm 


X-axis 


Absolute 

Select workpiece coordinate system 1. 

Move to the start point. 

Turn Al contouring control on. 

Turn polar coordinate interpolation on. 

Dwell. Press the “origin” button (see Item (3)). 
Draw an arc. 


Turn polar coordinate interpolation off. 


Turn Al contouring control off. 


End 
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(2) Preparation for data measurement using the SERVO GUIDE 


Open the graph window of the SERVO GUIDE and set channels as 


follows: 


GraphSetting xi 


detail =] 


Measure setting | Operation and Display | Scale(¥-Time) | Scale(x¥} | Scale(Circle) | 
20000 a Trigger Path/Seq.No. ¥]| a a 


[- BIN compatible 


Data Points 
JV Syne.(S¥-SP} 


Sampling Cycle [imsec 7] Sampling Cycle(Spindle) fimsec aa T- Auto Origin 
 Auto-scaling — 
Comment 1 FO 
( None 
Comment 2 FO C Once 
Time and Date Always 











Data Shift.. 2 Time Shift... | 


15.000000... 
0,0000000,.. 


Property... | 


Mat (1) 
Ms1(-1) 
oO 


O 
oO 
O 
4 











CHI 
CH2 


Position Feedback 
Integration of po... 


0.0010000,.. 
0.0010000.., 


POSF 
CSPOS 





deg 


Cancel__| 















Channel 


Jone | cus | cre |cHs | cue | 





















Axi lara) J 
i A1 (1) J” Extended address(E) j o = 
Kind |posr 7] 
Unit Imm i Shift(S) Local 
Explanation 
Cony, Coef, 0.001 (Physical Val.) Position Feedback 
eae aes a (Raw data Val.) Physical value is need to set the length per pulse. 











Set the distance between the 
start point and origin. 









EE j= x 


V15? +0? =15(mm) 





















cot CHE |cH3 | cHe |cHS | cHE | 
Axis [sic] 
ae J Extended address(E) j 0 a 
kind [cspos | 
: p= 
Unit a 6 OE Shift(S) a 
c Explanation 
SEU ae 0.001 (Physical Val.) Integration of position Feedback 
360,000 or 3,600,000) 
Fes Base (Raw data Val.) ,000 or 3,600, 000[p/rev] 
{ Orin value | =| <p _____ 








Set the angle at the start 
point. 
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(3) Data measurement and display using the SERVO GUIDE 


Execute the 


program described above and press the | button while 


the spindle stops at the start point to perform origin operation. 

Then, press the >| button before the spindle moves to start 
measurement. 

After the completion of data measurement, change the graph window 
display mode as follows to display an arc. 
























POLA ) 
ANGULAR(KY! 














FOURIER 





Ctri+F 





75__POSF&PCPOS XTYT mode 
s3 | NORMAL mode 
ae abide Wc. °C lea ea ee a “ : f 
56 ; 
2g ' ' 
rs of 
19 ‘ ‘ 
Change the mode using the menu. 35] H H i 
g 
Mode(M) Tool{T) Help‘H) el 
¥ XTYT Ctrl+T -19 : ; ; 
VT Ctr a ‘ ‘ i ‘ 
AT Crit 2 aca iene cai a cain Tac. Br TeSes aa (ae 
JT Ctrltd Be PoP UE NE 
CIRCLE OtrlB a aa besseeebeeeeeedeee eb fetes 
XY Ctrlex fe: a ee Ce ee ee i | 
£2 i H H H : : 
xT a a 
DXDY Ctrl+D Time (msec) 
SYNCHRO 
CONTOUR Ctri+O 
75_POSF&PCPOS 
v NORMAL Ctr#R x ag 
€ 





Change the mode using the menu. 


Mode(M) Tool{T) Help(H) 











v XTY Ctri+T ' 

VT Ctr bs ' 

AT Ctra 2 H 

JT CtritJ oI 

a H : 

XY Ctrl#X ° 409 T700 3400 4250 5100 6050 6800 7e50 6500 
MTVT Time (msec) 
DXDY Ctri+D 

SYNCHRO 

CONTOUR Ctri+O 

NORMAL CtreR 
v POLARGXYR) CtreR 

ANGULARGXYA) CtritR 

FOURIER Ctri+F 





Projection in quadrants 
caused by delayed reversal 
along the Cs axis 





CIRCLE Made. 
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(4) Adjustment 


B-65280EN/06 


Follow the adjustment steps below while observing the arc figure in 


the CIRCLE mode in the graph window: 


(a) Set the initial values listed below for compensation (parameter 


No. 4455) and stop timing (parameter No. 4456): 


Backlash acceleration compensation (parameter No. 4455): 5 
Backlash acceleration stop timing (parameter No. 4456): 100 

(b) Increase the compensation value (parameter No. 4455) to 
minimize the peak value of the projection in each quadrant. If the 


waveform cuts into the circle, decrease the setting. 


(c) Increase the stop timing to minimize the peak value of the 


projection in each quadrant. 


If the waveform cuts into the circle, decrease the setting. 


POSF&PGPOS 





After adjustment 






CIRGLE Mode. 


Before adjustment 
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START-UP 
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1.1 START-UP PROCEDURE 


For this subsection, see Section 1.1, "START-UP PROCEDURE", in 
Part I. 


NOTE 
The CNCs that can be used with the Bi SVSP are 





the 07 /0i Mate -MODEL B or 07 /0i Mate -MODEL C. 
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1.2 SPINDLE SERIAL INTERFACE 


1.2.1 Parameters Related to Spindle Serial Output 


For this subsection, see Subsection 1.2.1, "Parameters Related to 
Spindle Serial Output", in Part I. 


1.2.2 Automatic Spindle Parameter Initialization 


Parameter No. fiescroiien 
(0i) bike 


(1) Parameter list 


4019#7 Function for automatically initializing spindle parameters 
4133 Spindle motor model code 








(2) Procedure for automatic spindle parameter initialization 
Perform automatic spindle parameter initialization by following the 
procedure below. 


<1> Set the model code for the desired motor for automatic parameter 
initialization. 


Parameter No. (0%) 
4133 Model code 


NOTE 
When using a spindle motor that has no model 


code, set model code "300" for automatic 
parameter setting, then manually input data 
according to the model-by-model parameter list. 





<2> Set the relevant parameter to enable automatic spindle parameter 
initialization. 


NOTE 


This bit is reset to its original value after automatic 
parameter initialization. 





<3> Turn off then turn on again the power to the CNC. The spindle 
parameter data set with the model code is automatically 
initialized. 


<4> According to the detector configuration, set the detector-related 
parameters. 
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<5> In parameter No. 4090 (overload detection level), set the 
standard value of the {7 series spindle motor. 


Parameter No. (0/) 
4090 


1.2.3 Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 1.2.3, "Diagnosis (Diagnosis 
Screen)", in Part I. 


1.2.4 Alarm 


For this subsection, see Subsection 1.2.4, "Alarm", in Part I. 
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1.3 PARAMETERS RELATED TO DETECTORS 


The following detector configurations can be used with the Bi SVSP: 


Motor sensor Spindle sensor 


aiM sensor None 

aiM sensor ai position coder 
oiMZ sensor None 

oiMZ sensor External one-rotation signal 














NOTE 


1 Because of the difference in amplifier hardware 
specifications, the detector configurations that can 
be used with the Bi SVSP are limited. 

Only a position coder or external one-rotation 
signal can be used as the spindle sensor for the 
SVSP. (The spindle sensor refers to the detector 
connected to connector JYA3.) 





1.3.1 List of Parameters for Detectors 


For this subsection, see Subsection 1.3.1, "List of Parameters for 
Detectors", in Part I. 


1.3.2 Details of Parameters for Detectors 


For this subsection, see Subsection 1.3.2, "Details of Parameters for 
Detectors", in Part I. 
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1.3.3 Typical Detector Configurations 


This subsection presents the spindle detector configurations usable 
with the Bi SVSP and describes the procedure for setting parameters in 
these detector configurations. 

With the Bi SVSP, the detector circuitry hardware is set according to 
the parameter setting. For this reason, an alarm such as a 
disconnection alarm may be output while parameters related to 
detectors are being set. 

To initialize the hardware, after setting the parameters related to 
detectors, turn the power to the amplifier off once. 


(1) When position control is not exercised 


[Sample system configuration] 
Spindle motor with built-in 


aiM sensor 





JYA2 


SVSP 
(TYPE A) 


Parameter (02) Settings Description 
4002 #3,#2,#1,#0 0,0,0,0 Does not exercise position control. 
Depends on 
the detector. 
Depends on _ | Sets the number of motor sensor gear 
the detector. | teeth. 





4010 #2,#1,#0 Sets the type of motor sensor. 





4011 #2,4#1,#0 
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(2) When the a position coder is used 
[Sample system configuration] 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 





JYA2 


SvVSP 
(TYPE A) 


JYA3 


Parameter (0:) 


4000 #0 








Directly connected or connected with a 


gear or timing belt at a ratio of 1:1 


Settings 
Depends on the 
configuration. 


Description 


Rotation directions of the spindle 
and motor 





4001 #4 


4002 #3,#2,#1,#0 


Depends on the 
configuration. 


0,0,1,0 


Spindle sensor mounting direction 


Uses the ai position coder as the 
spindle sensor. 





4003 #7,#6,4#5,44 


0,0,0,0 


Sets the number of spindle sensor 
gear teeth. 





4010 #2,4#1,#0 


Depends on the 
detector. 


Sets the type of motor sensor. 





4011 #2,4#1,#0 


Depends on the 
detector. 


Sets the number of motor sensor 
gear teeth. 





4056 to 4059 
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Depends on the 
configuration. 





Gear ratio between the spindle and 
motor 
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(3) When the aiMZ sensor is used 
[Sample system configuration 1] 








Spindle motor with built-in aiMZ 
sensor 


Spindle motor with built-in aiMZ 
sensor 


Directly connected or connected with a 
gear or timing belt at a ratio of 1:1 


Parameter (02) Settings Description 
4000 #0 Rotation directions of the spindle and 
motor 
4002 #3,#2.#1 #0 0,0,0,1 Uses the motor sensor for position 
feedback. 
Uses the aiMZ or aiBZ sensor as the 
motor sensor. 
4011 #2,#1,#0 Depends on _ | Sets the number of motor sensor gear 
the detector. | teeth. 
Gear ratio between the spindle and 
4056 to 4059 100 or 1000 | motor 
1:1 








4010 #2,#1,#0 0,0,1 
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(4) When the external one-rotation signal (proximity switch) is used 

[Sample system configuration] 
Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 










External one-rotation 
signal (proximity switch) 















Parameter (0:) 


4000 #0 


Settings 
Depends on the 
configuration. 


> 


Gear or timing belt 


Description 


Rotation directions of the spindle 
and motor 





4002 #3,#2,#1,#0 


0,0,0,1 


Uses the motor sensor for position 
feedback. 





4004 #2 


1 


Uses the external one-rotation 
signal. 





4004 #3 


Depends on the 
detector. 


Sets the external one-rotation 
signal type. 





4010 #2,#1,#0 


Depends on the 
detector. 


Sets the type of motor sensor. 





4011 #2,4#1,#0 


Depends on the 
detector. 


Sets the number of motor sensor 
gear teeth. 





4056 to 4059 


Depends on the 
configuration. 


Gear ratio between the spindle and 
motor 





4171 to 4174 
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Depends on the 
configuration. 





Arbitrary gear ratio between the 
motor sensor and spindle 
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2 








EXPLANATION OF OPERATION MODES 
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2.1 
2.1.1 


2.1.2 


2.1.3 


2.1.4 


2.1.5 


2.1.6 


2:1.7 


VELOCITY CONTROL MODE 


Start-up Procedure 


For this subsection, see Subsection 2.1.1, "Start-up Procedure", in Part 
IL 


Overview 
For this subsection, see Subsection 2.1.2, "Overview", in Part I. 
System Configuration 


The velocity control mode is applicable to all detector configurations. 
For system configurations, see Subsection 1.3.3, "Typical Detector 
Configurations", in Part II. 


List of I/O Signals (CNC<>PMC) 


For this subsection, see Subsection 2.1.4, "List of I/O Signals 
(CNCPMC)", in Part I. 


Related Parameters 


For this subsection, see Subsection 2.1.5, "Related Parameters", in 
Part I. 


Details of Related Parameters 


For this subsection, see Subsection 2.1.6, "Details of Related 
Parameters", in Part I. 


Troubleshooting 


For this subsection, see Subsection 2.1.7, "Troubleshooting", in Part I. 
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2.2 POSITION CODER METHOD SPINDLE ORIENTATION 





2.2.1 Start-up Procedure 


For this subsection, see Subsection 2.2.1, "Start-up Procedure", in Part 
IL 


2.2.2 Overview 


For this subsection, see Subsection 2.2.2, "Overview", in Part I. 


2.2.3 Feature 


For this subsection, see Subsection 2.2.3, "Feature", in Part I. 


2.2.4 System Configuration 


The system configurations that enable the use of the position coder 
method orientation function are shown below. 


(1) When the ai position coder is used 

[Sample system configuration] 
Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 










JYA2 


SVSP 
(TYPE A) 





JYA3 





Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


(2) When the aiMZ is used 


[Sample system configuration 1] 





Spindle motor with built-in aiMZ 
sensor 
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[Sample system configuration 2] 
Spindle motor with built-in aiMZ 
sensor 
















Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 





(3) When the external one-rotation signal (proximity switch) is used 

[Sample system configuration] 
Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 








External one-rotation 
signal (proximity switch) 


NOTE 
For stable detection of the one-rotation signal, fix the 
rotation direction (bits 3 and 2 of No. 4003) for 
orientation at one direction. 
Set the type (bits 3 and 2 of No. 4004) of the 
external one-rotation signal (proximity switch). 
For stable detection of the one-rotation signal, set an 
orientation speed (No. 4038) from 50 to 100 min‘! 


according to the specification of the external 
one-rotation signal (proximity switch). 

The detection of the one-rotation signal starts after 
the orientation speed is reached. 

Set the parameters (No. 4171 to No. 4174) for the 
numerator/denominator of an arbitrary gear ratio 
between the motor sensor and spindle. 
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2.2.5 


2.2.6 


2.2.7 


2.2.8 


2.2.9 


2.2.10 


Stop Position Specification Method 


For this subsection, see Subsection 2.2.5, "Stop Position Specification 
Method", in Part I. 


/O Signals (CNC <> PMC) 


For this subsection, see Subsection 2.2.6, "I/O Signals (CNC 
PMC)", in Part I. 


Examples of Sequences 


For this subsection, see Subsection 2.2.7, "Examples of Sequences", in 
Part I. 


Related Parameters 


For this subsection, see Subsection 2.2.8, "Related Parameters", in 
Part I. 


Details of Related Parameters 


For this subsection, see Subsection 2.2.9, "Details of Related 
Parameters", in Part I. 


Adjusting the Orientation Stop Position Shift Parameter 


For this subsection, see Subsection 2.2.11, "Adjusting the Orientation 
Stop Position Shift Parameter", in Part I. 
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2.3 RIGID TAPPING 


2.3.1 Start-up Procedure 


For this subsection, see Subsection 2.3.1, "Start-up Procedure", in Part 
IL 


2.3.2 Overview 


For this subsection, see Subsection 2.3.2, "Overview", in Part I. 


2.3.3 | System Configuration 


The system configurations that enable the use of rigid tapping are 
shown below. 


(1) When the ai position coder is used 

[Sample system configuration] 
Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 








Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


(2) When the spindle motor with built-in aiM sensor (or aiMZ sensor) is used 
[Sample system configuration 1] 






Spindle motor with built-in 
aiM sensor (or aiMZ sensor) 
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[Sample system configuration 2] 
Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 












SVSP 
(TYPE A) 


Directly connected at a ratio of 1:1 
or 
connected with a gear or timing belt at a ratio of m:n 





NOTE 

1 When performing rigid tapping by using a signal from 
the sensor built into the motor as a position feedback 
signal, use one of the following functions if the gear 
ratio between the motor and spindle is other than 1:1 

(a) Detection arbitrary gear ratio function (DMR 

function) 

(6b) Command arbitrary gear ratio function (CMR 

function) 
When using the detection arbitrary gear ratio function 
(DMR function), set the following: 

- Parameters (No. 4171 to No. 4174) for the 
numerator/denominator of an arbitrary gear ratio 
between the motor sensor and spindle 

When using the detection arbitrary gear ratio function 
(DMR function) with a motor containing a built-in aiMZ 
sensor, set bit 6 of No. 4007 to 1 so that the alarms 
related to the position feedback signal (when Cs 
contouring control is not exercised) are not detected. 
When using the command arbitrary gear ratio function 
(CMR function), set the following: 

- Enable the setting of an arbitrary gear ratio between 
the spindle and position coder (bit 1 of No. 5200 = 1). 

- Enable the setting of the command arbitrary gear 
ratio function (CMR) on rigid tapping (bit 7 of No. 
4006 = 1). 

- Set the parameters for specifying the number of gear 
teeth on the spindle side (No. 5221 to No. 5224). 

- Set the parameters for specifying the number of gear 
teeth on the position coder side (No. 5231 to No. 
5234). 

5 Reference position return can be performed when the 
spindle is directly connected to the motor or when the 
spindle is connected to the motor at a ratio of 1:1. 
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(3) When the external one-rotation signal (proximity switch) is used 
[Sample system configuration] 






Spindle motor with built-in oiM 
sensor (or aiMZ sensor) 






External one-rotation 
signal (proximity switch) 


Gear or timing belt 


NOTE 


1 


When using the external one-rotation signal 
(proximity switch), use the detection arbitrary gear 
ratio function (DMR function). 

When using the detection arbitrary gear ratio 
function (DMR function), set the following: 

- Parameters (No. 4171 to No. 4174) for the 
numerator/denominator of an arbitrary gear ratio 
between the motor sensor and spindle 

Set the type of the external one-rotation signal 
(proximity switch) (bits 3 and 2 of No. 4004). 

For stable detection of the one-rotation signal, set a 
reference position return speed (No. 4074) from 50 
to 100 min" according to the specification of the 
used external one-rotation signal (proximity switch). 
When orientation based on the external one-rotation 
signal is used together, match the reference position 
return speed and direction with the orientation speed 
and direction. 
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2.3.4 


2.3.5 


2.3.6 


2.3.7 


2.3.8 


2.3.9 


2.3.10 


2.3.11 


List of I/O Signals (CNC < PMC) 


For this subsection, see Subsection 2.3.4, "List of I/O Signals (CNC 
<> PMC)", in Part I. 


Sequence 
For this subsection, see Subsection 2.3.5, "Sequence", in Part I. 
Related Parameters 


For this subsection, see Subsection 2.3.6, "Related Parameters", in 
Part I. 


Details of Related Parameters 


For this subsection, see Subsection 2.3.7, " 
Details of Related Parameters", in Part I. 


Parameter Setting Procedure 


For this subsection, see Subsection 2.3.8, "Parameter Setting 
Procedure", in Part I. 


Adjustment Procedure 


For this subsection, see Subsection 2.3.9, "Adjustment Procedure", in 
Part I. 


Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 2.3.10, "Diagnosis (Diagnosis 
Screen)", in Part I. 


Alarm 


For this subsection, see Subsection 2.3.11, "Alarm", in Part I. 
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2.4 Cs CONTOURING CONTROL 





2.4.1 Start-up Procedure 


For this subsection, see Subsection 2.4.1, "Start-up Procedure", in Part 
IL 


2.4.2 Overview 


For this subsection, see Subsection 2.4.2, "Overview", in Part I. 


2.4.3 System Configuration 


(1) When a motor with a built-in aiMZ sensor is used 


Spindle motor with built-in aiMZ 
sensor 






Directly connected or connected with a 
gear or timing belt at a ratio of 1:1 


Parameter (02) Settings Description 

Rotation directions of the spindle and 
motor 

Uses the motor sensor for position 
feedback. 

Uses the aiMZ sensor as the motor 
sensor. 

Depends on _ | Sets the number of motor sensor gear 
the detector. | teeth. 


4000 #0 





4002 #3,#2,#1,#0 0,0,0,1 





4010 #2,#1,#0 0,0,1 





4011 #2,4#1,#0 














4056 to 4059 100 or 1000 | The spindle-to-motor gear ratio is 1:1. 
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(2) When an ai position coder is used 
Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 





Directly connected or connected with a 
gear or timing belt at a ratio of 1:1 


Parameter (07) Settings Description 
4002 #3,#2,#1,#0 0,0,1,0 ai position coder 
4003 #7, #6,#5,#1 0,0,0,0 ai position coder 
Depends on the | Sets the type of motor sensor. 
detector. 
Depends on the | Sets the number of motor sensor gear teeth. 
detector. 
Depends on the | Gear ratio between the spindle and motor 
configuration. 








4010 #2,#1,#0 





4011 #2,4#1,#0 





4056 to 4059 





Sets the gear ratio between the spindle and 
motor when the position coder feedback 
interpolation function is used. 


Depends on the 


4171 to 4174 : 
configuration. 





The setting of 1 | Sets the position coder feedback interpolation 
is recommended. | function. 


4398#0 











2.4.4 List of I/O Signals (CNC <> PMC) 


For this subsection, see Subsection 2.4.4, "List of I/O Signals (CNC 
<> PMC)", in Part I. 


2.4.5 Examples of Sequences 


For this subsection, see Subsection 2.4.5, "Examples of Sequences", in 
Part I. 


2.4.6 Related Parameters 


For this subsection, see Subsection 2.4.6, "Related Parameters", in 
Part I. 
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2.4.7 Details of Related Parameters 


0i 
4398 


PCCSCM 


For this subsection, see Subsection 2.4.7, "Details of Related 
Parameters", in Part I. 


The f7 series spindle motor, however, enables Cs contouring control 
in a system where an au position coder is used as the position sensor. 
In such a case, control improvements such as smooth low-speed feed 
can be made by using the position coder feedback interpolation 
function set with the parameter below. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee ee eee 
Sets the position coder feedback interpolation function. 

0: Disables the position coder feedback interpolation function. 

1: Enables the position coder feedback interpolation function. 

When an ai position coder is used for spindle position feedback to 
exercise Cs contouring control, this function improves control 
performance with position coder feedback pulse interpolation using 
high-resolution motor side feedback. To use this function, set this 
parameter to 1. 

This function is valid only when the spindle sensor is an ai position 
coder. When the gear ratio between the spindle and motor is not 1:1, 
be sure to set an arbitrary gear ratio (No. 4171 through No. 4174) 
between the spindle and motor. 


NOTE 

1 This parameter is valid with 9D50 series H (08) 
edition or later. 

2 When Cs contouring control is exercised in a system 
where an ai position coder is used as the position 


sensor, the position feedback resolution is 0.088 
deg. In this case, the position error may not 
converge to 0, depending on the specified position. 
So, a value greater than 88 pulses (0.088 deg) must 
be set as the effective area (No. 1826). 
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0i 


4171 
4172 
4173 


4174 


Unit of data : 
Valid data range : 
Standard setting value : 


Denominator of an arbitrary gear ratio between the motor sensor and spindle 
(HIGH) CTH1A=0 


Numerator of an arbitrary gear ratio between the motor sensor and spindle 
(HIGH) CTH1A=0 


Denominator of an arbitrary gear ratio between the motor sensor and spindle 
(LOW) CTH1A=1 


Numerator of an arbitrary gear ratio between the motor sensor and spindle 
(LOW) CTH1A=1 





0 to 32767 
0 
These parameters set conversion coefficients (numerator, 
denominator) for using the detection arbitrary gear ratio function 
(DMR function) by multiplying a motor sensor (aiM sensor) feedback 
signal by a gear ratio to produce a spindle position feedback signal. 
When the spindle rotates Q times while the motor shaft rotates P times 
(there is no common divisor other than | for P and Q), the settings are: 
No. 4171 (No. 4173 when CTH1A = 1) =P 
No. 4172 (No. 4173 when CTHIA = 1)=Q 
When 0 is set in any of these parameters, the setting of | is assumed. 


NOTE 
Note that if an improper value is set in this 


parameter, the position coder feedback interpolation 
function does not function normally. 





2.4.8 Diagnosis (Diagnosis Screen) 


2.4.9 Alarm 


For this subsection, see Subsection 2.4.8, "Diagnosis (Diagnosis 
Screen)", in Part I. 


For this subsection, see Subsection 2.4.9, "Alarm", in Part I. 
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2.5.1 Start-up Procedure 


For this subsection, see Subsection 2.5.1, "Start-up Procedure", in Part 
IL 


2.5.2 Overview 


For this subsection, see Subsection 2.5.2, "Overview", in Part I. 
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2.5.3 | System Configuration 


The system configurations that enable the use of the spindle 
synchronous control function are shown below. 


NOTE 


Spindle synchronous control between spindles each 
having a different detector configuration is possible. 





(1) When the ai position coder is used 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 














(TYPE A) 
JYA3 





JA7A 








Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


2nd spindle 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 


(TYPE A) 
JYA3 





Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 
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(2) When the spindle motor with built-in aiMZ sensor is used 


Spindle motor with built-in aiMZ sensor 





i | 
JYAQ il Spindle i 












Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


2nd spindle 


Spindle motor with built-in aiMZ sensor 


O 
re Spindle i 
i 














SVSP 
(TYPE A) 





Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 
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(3) When the external one-rotation signal (proximity switch) is used 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 











External one-rotation 
signal switch (proximity 
switch) 






(TYPE A) 
JYA3 









Gear or timing belt 





2nd spindle 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 








JYA2 





External one-rotation 
signal switch (proximity 
switch) 


SVSP 
(TYPE A) 


JYA3 






Gear or timing belt 





NOTE 
1 When using the external one-rotation signal 
(proximity switch), use the detection arbitrary gear 
ratio function (DMR function). 
When using the detection arbitrary gear ratio 
function (DMR function), set the following: 
- Parameters (No. 4171 to No. 4174) for the 
numerator/denominator of an arbitrary gear ratio 
between the motor sensor and spindle 


Set the type of the external one-rotation signal 
(proximity switch) (bits 3 and 2 of No. 4004). 

For stable detection of the one-rotation signal, detect 
the one-rotation signal by performing spindle 
orientation before entering spindle synchronous 
control mode. 


For orientation based on the external one-rotation 
signal, see Section 2.2, "POSITION CODER 
METHOD ORIENTATION", in Part I. 
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2.5.4 


2.5.5 


2.5.6 


2.5.7 


2.5.8 


2.5.9 


2.5.10 


2.5.11 


2.5.12 


Explanation of Operation 


For this subsection, see Subsection 2.5.4, "Explanation of Operation", 
in Part I. 


I/O Signals (CNC <> PMC) 


For this subsection, see Subsection 2.5.5, "I/O Signals (CNC <— 
PMC)", in Part I. 


Examples of Sequences 


For this subsection, see Subsection 2.5.6, "Examples of Sequences", in 
Part I. 


Related Parameters 


For this subsection, see Subsection 2.5.7, "Related Parameters", in 
Part I. 


Details of Related Parameters 


For this subsection, see Subsection 2.5.8, "Details of Related 
Parameters", in Part I. 


Number of Error Pulses in Spindle Synchronous Control 


For this subsection, see Subsection 2.5.9, "Number of Error Pulses in 
Spindle Synchronous Control", in Part I. 


Specifying a Shift Amount for Spindle Phase Synchronous 
Control 


For this subsection, see Subsection 2.5.10, "Specifying a Shift 
Amount for Spindle Phase Synchronous Control", in Part I. 


Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 2.5.11, "Diagnosis (Diagnosis 
Screen)", in Part I. 


Alarm 


For this subsection, see Subsection 2.5.12, "Alarm", in Part I. 
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2.6 SPECIFICATIONS COMMON TO ALL OPERATION MODES 


2.6.1 Overview 
For this subsection, see Subsection 2.6.1, "Overview", in Part I. 
2.6.2 List of I/O Signals (CNC <> PMC) 


For this subsection, see Subsection 2.6.2, "List of I/O Signals (CNC 
<> PMC)", in Part I. 


2.6.3 Parameters 
For this subsection, see Subsection 2.6.3, "Parameters", in Part I. 
2.6.4 Details of parameters 


For this subsection, see Subsection 2.6.4, "Details of parameters", in 
Part I. 


Note that, however, the standard setting value of the following 
parameter differs among the £7 series spindle motors: 


Oi 
4090 Overload detection level 


Unit of data: 1% 
Valid data range: 0 to 100 
Standard setting value: 95 


This parameter sets the condition for detecting a short-time overload 
alarm (spindle alarm 29). 

If a load more than the set percentage (maximum motor output [load 
meter full scale] = 100%) is applied to the spindle motor for a 
predetermined time period (set by parameter No. 4123), a short-time 
overload alarm (spindle alarm 29) is issued. 


2.6.5 Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 2.6.5, "Diagnosis (Diagnosis 
Screen)", in Part I. 
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lO SIGNALS (CNC ~ PMC) 





This chapter explains the functions of the signals directly input from 
the PMC to SVSP via the CNC and the signals directly output from 
the SVSP to PMC. For other spindle-related I/O signals, refer to the 
manual of the relevant CNC. 
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3.1 INPUT SIGNALS (PMC->CNC->SVSP) 


This section explains the functions of the signals directly input from 


the PMC to SVSP via the CNC. For other spindle-related input 
signals, refer to the manual of the relevant CNC. 


3.1.1 List of Input Signals 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


01 
G070 
G074 


G071 
G075 


G072 
G076 


G073 
G077 


#7 #6 #5 #4 #3 #2 #1 #0 
[uRovA Torcwa] sera | Sava [orHia | erin [Tuna | Towa | 
furove [orcus| sme | save [ome | ons [rome | ums | 


[Tinea [socwa] [era [ona 
[| Fines [soon] [| resre [area 


/ | __[newoa[ oven] [wan [Roraa | woxa | 
(| [wemos[ ove |__| nrros [roras | woxe | 


| | | escna] —[wrora] | 
| | | esons] [wrors] | 





















3.1.2 Explanation of Input Signals 


For information about the signals listed in Subsection 3.1.1, "List of 
Input Signals", in Part II, see Subsection 3.1.2, "Explanation of Input 
Signals", in Part I. 

Those signals that are not listed in Subsection 3.1.1, "List of Input 
Signals", in Part II are not used with the Bi SVSP series spindle. 


3.1.3 Details of input signals 


For information about the signals listed in Subsection 3.1.1, "List of 
Input Signals", in Part II, see Subsection 3.1.3, "Details of input 
signals", in Part I. 

Those signals that are not listed in Subsection 3.1.1, "List of Input 
Signals", in Part III are not used with the Bi SVSP series spindle. 
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3.2 


3.2.1 


3.2.2 


3.2.3 


FANUC AC SPINDLE MOTOR Bi series 3.1/0 SIGNALS (CNC < PMC 


OUTPUT SIGNALS (SVSP->CNC->PMC) 


This section explains the functions of the signals directly output from 
the SVSP to PMC via the CNC. For other spindle-related output 
signals, refer to the manual of the relevant CNC. 


List of Output Signals 


1st- 
2nd- 


1st- 
2nd- 














0i #7 #6 #5 #4 #3 #2 #1 #0 





Explanation of Output Signals 


For information about the signals listed in Subsection 3.2.1, "List of 
Output Signals", in Part II, see Subsection 3.2.2, "Explanation of 
Output Signals", in Part I. 

Those signals that are not listed in Subsection 3.2.1, "List of Output 
Signals", in Part I are not used with the Bi SVSP series spindle. 


Details of Output Signals 


For information about the signals listed in Subsection 3.2.1, "List of 
Output Signals", in Part II, see Subsection 3.2.3, "Details of Output 
Signals", in Part I. 

Those signals that are not listed in Subsection 3.2.1, "List of Output 
Signals", in Part II are not used with the Bi SVSP series spindle. 
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ADJUSTMENT 
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4.1 VELOCITY LOOP GAIN ADJUSTMENT 


4.1.1 Overview 

For this subsection, see Subsection 4.1.1, "Overview", in Part I. 
4.1.2 Parameters 

For this subsection, see Subsection 4.1.2, "Parameters", in Part I. 


4.1.3 Adjustment Procedure 


For this subsection, see Subsection 4.1.3, "Adjustment Procedure", in 
Part I. 


4.1.4 Additional Information (Position Gain Adjustment) 


For this subsection, see Subsection 4.1.4, "Additional Information 
(Position Gain Adjustment)", in Part I. 
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B-65280EN/06 FANUC AC SPINDLE MOTOR Bi series _5.FUNCTION DESCRIPTIONS 
5.1 INCRMENTAL COMMAND TYPE SPINDLE ORIENTATION 
(SPINDLE ROTATION SPEED CONTROL) 


5.1.1 Overview 


For this subsection, see Subsection 5.3.1, "Overview", in Part I. 


5.1.2 | System Configuration 


The incremental command type spindle orientation function can be 
used in the following system configuration. 


(1) When the ai position coder is used 
[Sample system configuration] 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 





Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


(2) When the spindle motor with built-in aiMZ sensor is used 
[Sample system configuration 1] 





Spindle motor with built-in aiMZ 
Sensor 
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[Sample system configuration 2] 





Spindle motor with built-in aiMZ 
sensor 












JYA2 








SvsP 
(TYPE A) 


Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


(3) When the external one-rotation signal (proximity switch) is used 
[Sample system configuration] 


Spindle motor with built-in oiM 
sensor (or aiMZ sensor) 






External one-rotation 
signal (proximity switch) 


\ 


Gear or timing belt 





NOTE 


1 


To detect the one-rotation signal securely, fix the 
direction (bits 3 and 2 of parameter No. 4003) in 
which the spindle rotates during spindle orientation 
to one direction. 

Specify the type (bits 3 and 2 of parameter No. 
4004) of an external one-rotation signal (proximity 
switch). 

To detect the one-rotation signal securely, set the 
spindle orientation speed (parameter No. 4038) to a 
value between 50 and 100 min” according to the 
specification of the external one-rotation signal 
(proximity switch). 

A sequence for detecting the one-rotation signal is 
started after the orientation speed has been 
reached. 

Specify the denominator/numerator parameters 
(Nos. 4171 to 4174) of an arbitrary gear ratio 
between the motor sensor and spindle. 
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5.1.3 /0 Signals (CNC<>PMC) 


(1) Address list of input signals (PMC—>CNC) 








0i #7 #6 #5 #4 #3 #2 #1 #0 
st coro | forcmal | crt crnza| | 
anc core | [orcwa] | [crap | crue] | 


rs co72 |_| fivcmpal | roa] roraa | inoxa | 
anc core | | fincws] | wrros | roras [ inoxe | 


ts 6078 | sHao7 | sHaos | sHaos | sHaoa | sas | sHaoz | sHaot | SHAOO | 
and- 6080 | spo7 | supos | suBos | sheos | sHB03 | sHBo2 | sHBo1 | sHBO0_ 
wt cova | || sata | suato | stave | since | 
anc cost | | || sists | supt0 | sro | ston | 


(2) Details of input signals (PMC—>CNC) 


For this subsection, see Item 5.3.3 (2), "Details of input signals 
(PMC->CNC)", in Part I. 





(3) Address list of output signals (CNC->PMC) 


0i 
1st- F045 
2nd- F049 


1st- F047 INCSTA 
2nd- F051 INCSTB 


(4) Details of output signals (CNC->PMC) 
For this subsection, see Item 5.3.3 (4), "Details of output signals 
(CNC—PMC)", in Part I. 





5.1.4 Examples of Sequences 


For this subsection, see Subsection 5.3.4, "Examples of Sequences", in 
Part I. 
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5.1.5 List of Related Parameters 


Parameter No. bots 
Description 
0i 
Whether the spindle orientation function is available (to be 


4015#0 _—‘|set to"1") 


(The CNC software option is required.) 





Whether the stop position external setting-type spindle 
3702#3,#2 orientation function is available (to be set to "1") 

(Bit 2: 1st spindle. Bit 3: 2nd spindle) 

Command multiplier for incremental command external 
setting data 





4328 





NOTE 
This subsection describes only the parameters 
specific to incremental command type spindle 
orientation. See Section 2.2, "POSITION CODER 
METHOD SPINDLE ORIENTATION" in Part I, for 
parameters related to other types of spindle 
orientation. 





5.1.6 Details of Related Parameters 


For this subsection, see Subsection 5.3.6, "Details of Related 
Parameters", in Part I. 
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5.2.1 Overview 


For this subsection, see Subsection 5.4.1, "Overview", in Part I. 


5.2.2 System Configuration 


Explained below is a system configuration in which the high-speed 
spindle orientation function is usable. 


NOTE 
This function cannot be used in an external 


one-rotation signal-based spindle orientation system 
in which a proximity switch is used. 





(1) When the ai position coder is used 
[Sample system configuration] 


Spindle motor with built-in aiM sensor 
(or aiMZ sensor) 








Spindle 








Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


(2) When the spindle motor with built-in aiMZ sensor is used 
[Sample system configuration 1] 





Spindle motor with built-in aiMZ 
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9.2.3 


[Sample system configuration 2] 
Spindle motor with built-in aiMZ 
sensor 







JYA2 





SVSP 
(TYPE A) 


Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


VO Signals (CNC<>PMC) 


(1) Address list of input signals (PMC — CNC) 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


0i 
G070 
G074 


G072 
G076 


G078 
G080 


G079 
G081 





#7 #6 #5 #4 #3 #2 #1 #0 
| forcwal =| crt crnza} | 
| orewe] | crus [crus] | 


| ivcwoal | nro | rota | inoxa | 
| | [scm] | [ros | rotas | xe | 


| suao7 | sacs | saos | saos | saos | sHaoz | suaot | suaco | 
| sHp07 | sHeos | sees | sees | sos | sHB0z | sueot | sHB00 | 
P| TT strats | strato | stave [| stiaos | 
pt st [ stisi0 | stts09 | sts0s | 







(2) Details of input signals (PMC — CNC) 

Spindle orientation command (ORCMA) 

Clutch/gear signals (CTH1A and CTH2A) 

Spindle orientation stop position change command (INDXA) 

Rotation direction command for spindle orientation stop position change 


(a) 
(b) 
(c) 
(d) 


(e) 
(f) 
(g) 


(ROTAA) 


Short-cut command for spindle orientation stop position change (NRROA) 
Incremental command data selection signal (INCMDA) 
Spindle orientation external stop position commands (SHA11 to SHA00) 


The functions of the input signals ORCMA, CTH1A, CTH2A, 
INDXA, ROTAA, NRROA, INCMDA, and SHA11 to SHAO0 are the 
same as for position coder-method spindle orientation and incremental 
command type spindle orientation. See Sections 2.2, "POSITION 
CODER-METHOD SPINDLE ORIENTATION," and _ 5.3, 
"INCREMENTAL COMMAND TYPE SPINDLE ORIENTATION" 
in Part I. 
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(3) Address list of output signals (CNC — PMC) 





0i 
1st- F045 
2nd- F049 
ist- F047 INCSTA 
2nd- F051 INCSTB 





(4) Details of output signals (CNC — PMC) 

(a) Incremental command mode status signal (INCSTA) 

(b) Spindle orientation completion signal (ORARA) 
The functions of the output signals ORARA and INCSTA are the 
same as for position coder-method spindle orientation and incremental 
command type spindle orientation. See Sections 2.2, "POSITION 
CODER METHOD SPINDLE ORIENTATION," and __ 5.3, 
"INCREMENTAL COMMAND TYPE SPINDLE ORIENTATION" 
in Part I. 


5.2.4 Sequence 


For this subsection, see Subsection 5.4.4, "Sequence", in Part I. 
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5.2.5 


Parameter No. 
0i 


4015 #0 


List of Related Parameters 


Description 


Whether the spindle orientation function is available (to be set to "1") 
(The CNC software option is required. ) 





4018 #6 


High-speed spindle orientation function (to be set to "1") 





3702#3,#2 


Whether the stop position external setting-type spindle orientation function is available 
(Bit 2: First spindle. Bit 3: Second spindle.) 





4003#0 


Spindle orientation type selection (to be reset to "0") 





4003#3,2 


Rotation direction for spindle orientation (to be reset to "0, 0" or to be set to "0, 1") 





4017#7 


Short-cut function when spindle orientation from stopped state is specified 





4018#5 


Whether the speed command correction function for high-speed spindle orientation is available 





4031 


Spindle orientation stop position 


(This parameter is invalid for stop position external setting type and incremental command 
external setting type.) 





4038 


Orientation speed upper limit 





4042 
4043 


Velocity proportional gain on orientation 
(These parameters are selected with the input signal CTH1A.) 





4050 
4051 


Velocity integral gain on orientation 
(These parameters are selected with the input signal CTH1A.) 





4056 to 4059 


Gear ratio data between spindle and motor 
(These parameters are selected with the input signals CTH1A and CTH2A.) 





4060 to 4063 


Position gain on orientation 
(These parameters are selected with the input signals CTH1A and CTH2A.) 





4064 


Percentage limit to an acceleration during deceleration 





4075 


Orientation completion signal detection level 





4077 


Orientation stop position shift value 





4084 


Motor voltage on orientation 





4320 to 4323 


Acceleration during motor deceleration 
(These parameters are selected with the input signals CTH1A and CTH2A.) 





4326 
4330 


Acceleration limitation start speed during deceleration 
(These parameters are selected with the input signal CTH1A.) 





4328 





Command multiplier for orientation 


NOTE 

1 See Section 1.3, "PARAMETERS RELATED TO 
DETECTORS" in Part |, for parameters related to 
detectors. 


See Section 4.1, "VELOCITY LOOP GAIN 
ADJUSTMENT" in Part I, for velocity loop 
proportional/integral gain tuning. 

When using the high-speed spindle orientation 
function, set the parameters (bits 3 and 2 or 
parameter No. 4003) for rotation direction for spindle 
orientation with the previous rotation direction (0, 0 
or O, 1). 
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5.2.6 Details of Related Parameters 


For this subsection, see Subsection 5.4.6, "Details of Related 
Parameters", in Part I. 


5.2./ Spindle Data Used in Tuning 


For this subsection, see Subsection 5.4.7, "Spindle Data Used in 
Tuning", in Part I. 


5.2.8 Tuning Procedure 


For this subsection, see Subsection 5.4.8, "Tuning Procedure", in Part 
IL 
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5.3 SPINDLE FINE ACC./DEC. (FAD) FUNCTION 


5.3.1 Overview 


The spindle fine Acc./Dec. (FAD) function realizes smooth 
acceleration/deceleration during rigid tapping and Cs contouring 
control by performing acceleration/deceleration processing with 
spindle software. It can reduce mechanical shocks that may 
accompany acceleration/deceleration. 


NOTE 
This function is usable in a combination of the Bz 


SVSP and the FANUC Series 07 / 0: Mate-MODEL B 
or FANUC Series 0: / 0i Mate-MODEL C CNC. 





5.3.2 Series and Editions of Applicable Spindle Software 


Spindle software 
Series Edition Remark 
9D50 E(05) edition or later 


CNC software 


Series Edition Remark 

A(01) edition or later For the FANUC Series 0i-MB 

A(01) edition or later For the FANUC Series 0i Mate-MB 
A(01) edition or later For the FANUC Series 0:-TB 

A(01) edition or later For the FANUC Series 0i Mate-TB 
A(01) edition or later For the FANUC Series 0i-MC 

A(01) edition or later For the FANUC Series 0i Mate-MC 
A(01) edition or later For the FANUC Series 0i-TC 

A(01) edition or later For the FANUC Series 01 Mate-TC 
































5.3.3 Block Diagram 


For this subsection, see Subsection 5.6.3, "Block Diagram", in Part I. 
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5.3.4 Parameters 
(1) List of Related Parameters 


Parameter No. 
Oi 


Description 





5205#7 Setting of fine Acc./Dec. during rigid tapping 
4394#3 Spindle fine Acc./Dec. function bit 
439444 Acceleration/deceleration type during spindle fine Acc./Dec. 




















4344 Feed-forward coefficient during fine Acc./Dec. 
4037 Velocity loop feed-forward coefficient during fine Acc./Dec. 
4408 Fine Acc./Dec. time constant 





(2) Details of parameters related to rigid tapping 
For this subsection, see Item 5.6.4 (2), "Details of parameters related 
to rigid tapping", in Part I. 


(3) Details of parameters related to serial spindles 
For this subsection, see Item 5.6.4 (3), "Details of parameters related 
to serial spindles", in Part I. 


5.3.5 Diagnosis (Diagnosis Screen) 


Address nike 
Description 


1st-spindle (regular) position error 





2nd-spindle (regular) position error 
1st-spindle (FAD) position error 











2nd-spindle (FAD) position error 





5.3.6 Status Errors 


For this subsection, see Subsection 5.6.6, "Status Errors", in Part I. 


5.3.7 Cautions 


For this subsection, see Subsection 5.6.7, "Cautions", in Part I. 
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5.4 UNEXPECTED DISTURBANCE TORQUE DETECTION 
FUNCTION 


5.4.1 Overview 
For this subsection, see Subsection 5.7.1, "Overview", in Part I. 
5.4.2 Series and Editions of Applicable Spindle Software 


For this subsection, see Subsection 5.7.2, "Series and Editions of 
Applicable Spindle Software", in Part I. 


5.4.3 1/0 Signals (CNC<>PMC) 


(1) Address list of output signals (CNC — PMC) 
0i #7 


#6 #5 #4 #3 #2 #1 #0 
roo | | CT CT arse farses] | 


(2) Details of output signals (CNC — PMC) 
(a) First-spindle unexpected disturbance torque detection signals 
(ABTSP1 and AQSP1) 
(b) Second-spindle unexpected disturbance torque detection signals 
(ABTSP2 and AQSP2) 
These signals are output when the estimated load torques on the 


respective spindles become higher than or equal to the set level. 
Refer to an applicable CNC Manual for details. 


5.4.4 List of Related Parameters 


Parameter No. 
0i 


Description 


Whether the unexpected disturbance torque detection 
function is available (The CNC software option is required.) 
4248 Torque constant for spindle load torque monitoring 

4249 Observer gain 1 for spindle load torque monitoring 

4250 Observer gain 2 for spindle load torque monitoring 

4341 Unexpected disturbance torque detection level 


4015 #1 




















5.4.5 Details of Related Parameters 


For this subsection, see Subsection 5.7.5, "Details of Related 
Parameters", in Part I. 


5.4.6 Parameter Tuning Procedure 


For this subsection, see Subsection 5.7.6, "Parameter Tuning 
Procedure", in Part I. 
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START-UP 
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1.1 START-UP PROCEDURE 


A. Check the spindle-related specifications. 
CNC model 


Spindle motor 

Common power supply (PS) 
Spindle amplifier 

Detector system 


B. Check all connections. (See DESCRIPTIONS (B-65372EN).) 


C. Prepare and check the PMC ladder program. 





ID. Check the CNC parameter setting for using the «Ci series 
(Serial) spindle. (See Subsection 1.2.1.) 


E. Perform automatic «Ci series (Serial) spindle parameter 
initialization. (See Subsection 1.2.2.) 
- Seta motor model code and the parameter enabling use 
of the automatic parameter initialization function, then turn 
the CNC off and then on again. 


F. Change parameter data (when no model code is used). 

- When using a motor with no model code assigned, 
perform automatic setting with model code "240", then 
modify the parameter data according to the motor-specific 
parameter list. 





IG. Set the parameters related to the detectors. (See Section 1.3.) 


- 412 - 


B-65280EN/06 FANUC AC SPINDLE MOTOR ai series 1.START-UP 


1.2 SPINDLE SERIAL INTERFACE 


1.2.1 Parameters Related to Spindle Serial Output 


For this subsection, see Subsection 1.2.1, "Parameters Related to 
Spindle Serial Output", in Part I. 


1.2.2 Automatic Spindle Parameter Initialization 


(1) Parameter list 
Parameter No. 
15i 163 30: 





Description 


Function for automatically initializing spindle 
parameters 
3133 4133 4133 | Spindle motor model code 


5607#0 | 4019#7 | 4019#7 

















(2) Procedure for automatic spindle parameter initialization 
Perform automatic spindle parameter initialization by following the 
procedure below. 


<1> Set the model code for the desired motor for automatic parameter 
initialization. 
Parameter No. 
151 163 3 
3 


0i 
4133 | 4133 | Model code 


NOTE 
When using a spindle motor that has no model 
code, set model code "240" for automatic 
parameter setting, then manually input data 
according to the model-by-model parameter list. 





Description 





<2> Set the relevant parameter to 1 to enable automatic spindle 
parameter initialization. 
Parameter No. 
15: 16: 30: 
— 4019#7 | 4019#7 
5607#0 — — 





Description 














NOTE 
This bit is reset to its original value after 
automatic parameter initialization. 





<3> Turn the CNC off, then on again. Then, the spindle parameters 
specified with a model code are automatically initialized. 


=A 


1.START-UP FANUC AC SPINDLE MOTOR ai series B-65280EN/06 


1.2.3 Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 1.2.3, "Diagnosis (Diagnosis 
Screen)", in Part I. 


1.2.4 Alarm 


For this subsection, see Subsection 1.2.4, "Alarm", in Part I. 


- 414 - 


B-65280EN/06 


1.3 





1.3.1 


FANUC AC SPINDLE MOTOR ai series 


PARAMETERS RELATED TO DETECTORS 


NOTE 

Note that the specifications of parameters related 
to detectors for the «Ci series spindle amplifiers 
differ from those of parameters for the aC series 


1 


spindle amplifiers. 

The spindle sensor (separate detector) usable with 
the aCi series spindle amplifier is a position coder 
only. (The spindle sensor is a detector connected 
to connector JYA3.) 





List of Parameters for Detectors 


Parameter No. 





16 
3706#1 #0 


Description 


Gear ratio of spindle to position coder (x1, x2, x4, x8) 





5842 


3720 


Number of pulses of the position coder 





3000 #0 


4000 #0 


4000 #0 


Direction of spindle and spindle motor rotation 





3001 #4 


4001 #4 


4001 #4 


Spindle sensor (position coder) mounting direction 





3002 
#3,#2,41,#0 


4002 
#3,#2,41 #0 


4002 
#3,#2,#1 #0 


Spindle sensor type setting (whether to use a position coder) 





3003 
#7,46,#5,#4 


4003 
#7,#6,H#5,#4 


4003 
#7 #6,#0,#4 


Setting of the number of spindle sensor (position coder) gear teeth 
(Set to 0,0,0,0.) 





3005 #0 


4005 #0 


4005 #0 


Setting of the velocity feedback method 





3006#1 


4006#1 


4006#1 


Gear ratio increment system 





3007 #5 


4007 #5 


4007 #5 


Whether to detect disconnection of feedback signals 





3007 #6 


4007 #6 


4007 #6 


Whether to detect alarms related to position feedback signals 





3016 #6 


4016 #6 


4016 #6 


Whether to detect alarms related to threading feedback 





3016 #7 


4016 #7 


4016 #7 


Setting of the function of detecting the one-rotation signal again each 
time position control mode is set. 





3056 to 3059 


4056 to 4059 


4056 to 4059 


Spindle-to-motor gear ratio data (This data is selected by spindle 
control input signals CTH1A and CTH2A.) 





3098 





4098 





4098 








Maximum speed for position feedback signal detection 
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1.START-UP 
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1.3.2 Details of Parameters for Detectors 


151 = 161 = 303 
3000 4000 4000 
ROTAI 
151 = 161 = (303 
3001 4001 4001 
SSDIRC 
151 = 161 = 303 
3002 4002 4002 
SSTYP3 to 0 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee ee ee ee 
Indicates the relationship between the rotation directions of spindle 
and spindle motor. 


0: Rotates the spindle and spindle motor in the same direction. 
1: Rotates the spindle and spindle motor in the reverse direction. 


NOTE 
When using a position coder, be sure to set this 
parameter. If this parameter is not set correctly, the 


velocity error excess alarm (spindle alarm 02), 
motor binding alarm (spindle alarm 31), or gear 
ratio parameter setting error alarm (spindle alarm 
35) may be detected. 





#7 #6 #5 #4 #3 #2 #1 #0 
| | sore] | 
Indicates the mounting direction of spindle sensor (position coder). 
0: Rotates the spindle and spindle sensor (position coder) in the 
same direction. 


1: Rotates the spindle and spindle sensor (position coder) in the 
reverse direction. 


NOTE 
When using a position coder, be sure to set this 
parameter. If this parameter is not set correctly, the 
velocity error excess alarm (spindle alarm 02), 
motor binding alarm (spindle alarm 31), or gear 
ratio parameter setting error alarm (spindle alarm 
35) may be detected. 





#7 #6 #5 #4 #3 #2 #1 #0 
| | | | stv | ssrvp2 | ssrvet | sstvPo | 


Spindle sensor type 

This parameter sets the type of a separate detector to be attached to the 
spindle (detector to be connected to connector JY A3). 

The separate detector usable with the aCi series spindle is a position 
coder only. 


SSTYP3 SSTYP2 SSTYP1 SSTYPO Spindle sensor type 


0 


0 0 None (No position control function is used.) 





: 


0 





1 0 ai position coder 
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157 
3003 
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167 301 
4003 4003 


PCPL2, PCPL1, PCPLO, PCTYPE 


157 
3005 


167 301 
4005 4005 


VCTLPC 


#7 #6 #5 #4 #3 #2 #1 #0 
|ecer2 | pceit| cero |pctvee| | | | 


Gear teeth number setting of the spindle sensor (position coder) 
Set to 0,0,0,0. 


#7 #6 #5 #4 #3 #2 #1 #0 
ee (eae (eee eee eee ee ee 


Sets the velocity feedback method. 

0: Exercises velocity control with an estimated velocity only. 

1: Uses a velocity calculated from the position coder signal to 
exercise velocity control. 

The feedback signal from a position coder attached to a spindle on a 

1:1 basis is converted to motor speed data for velocity control. Set this 

bit to 1 when performing orientation, rigid tapping, or spindle 

synchronous control. 

By setting this bit to 1 even in ordinary velocity control, the response 

characteristics and stability of velocity control can be improved. 


NOTE 

1 The feature may not be fully utilized, depending on 
the connection ratio between the spindle and spindle 
motor or between the spindle and position coder, the 
rigidity of the connection, the precision of position 
coder attachment, and so forth. 


When this bit is set to 1 with a spindle that has a 
gear switch mechanism, the torque limitation 
command signal (TLMLA) must be input at the start 
of gear switching. For details, see Chapter 3, "I/O 
SIGNALS (CNC <> PMC)", in Part Ill. 





ee 


1.START-UP 


157 
3006 


157 
3007 


157 
3016 


FANUC AC SPINDLE MOTOR aCi series B-65280EN/06 
161 30; #7 #6 #5 #4 #3 #2 #1 #0 
aoe gos [| | | ecru] 
GRUNIT _ Sets a gear ratio setting resolution: 


16i 303 

4007 4007 
PCLS 
PCALCH 
16i 303 

4016 4016 
RFCHK2 


0: 1/100 unit 

1: 1/1000 unit 

Select a gear ratio data setting resolution from the following: 

(a) Resolution based on motor speed increased by a factor of 100 
relative to one spindle rotation 

(b) Resolution based on motor speed increased by a factor of 1000 
relative to one spindle rotation 

Depending on the setting of this parameter, the increment system of 

the parameters indicated in the table below changes. 


Parameter No. 
16i 30: 





Description 





153 
3056 to 3059 | 4056 to 4059 | 4056 to 4059 | Spindle-to-motor gear ratio data 


NOTE 
Usually, use the 1/100 unit (setting "0"). 


#7 


#6 #5 #4 #3 #2 #1 #0 
| fpcacu| pis | | | | 


Determines feedback signal disconnection detection. 

0: Performs disconnection detection. 

1: Does not perform disconnection detection. 

When this bit is set to "0", spindle alarm 27 (Position coder signal 
disconnection) are checked. 


NOTE 
Usually, set “O”. 


Determines whether to use alarms related to position feedback signals. 
0: Detects alarms. 

1: Does not detect alarms. 

When this bit is set to "0", spindle alarms 41, 42, and 47 are checked. 


#7 #6 #5 #4 #3 #2 #1 #0 


rrcuas|rrcue2]| | | S| | 


Determines whether to detect the alarm related to threading position 
detection signal feedback (spindle alarm 46). 

0: Does not detect alarms. 

1: Detects alarms. 
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157 
3056 
3057 
3058 
3059 


FANUC AC SPINDLE MOTOR ai series 1.START-UP 


RFCHK3 


167 
4056 
4057 
4058 
4059 


301 
4056 
4057 
4058 
4059 


Unit of data : 


Valid data range : 
Standard setting : 


Setting of the function of detecting the one-rotation signal again each 

time position control mode is set. 

0: The one-rotation signal is not detected each time the operating 
mode changes. 
Once the one-rotation signal has been detected, it is not detected 
again until the power goes off. 

1: The one-rotation signal is detected each time the operating mode 


changes. 
Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 
Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
Gear ratio (LOW) CTH1A=1, CTH2A=1 


(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These parameters set the gear ratio of the spindle motor relative to the 
spindle. 

When the motor rotates 2.5 times, for every rotation of the spindle, for 
example, set 250 in the parameter. 

A parameter is selected by the CTHIA and CTH2A input signals. 

The gear or clutch status must correspond to the status of the CTHIA 
and CTH2A input signals. 


NOTE 

1 When using a position coder, be sure to set these 
parameters. If these parameters are not set 
correctly, the velocity error excess alarm (spindle 
alarm 02), motor binding alarm (spindle alarm 31), 
or gear ratio parameter setting error alarm (spindle 


alarm 35) may be detected. 

When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 
the spindle can continue rotating without stopping at 
the time of orientation. So, be sure to set a proper 
gear ratio. 
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157 167 301 


3098 4098 4098 Maximum speed for position feedback signal detection 


Unit of data: — 1min" 
Valid data range: 0 to 32767 
Standard setting: 0 
This parameter sets a maximum spindle speed that enables the 
detection of a motor/spindle sensor (position coder) feedback signal. 
When "0" is set in this parameter, up to the maximum motor speed can 
be detected. 


NOTE 
Usually, set “O”. 


1.3.3 Typical Detector Configurations 


This subsection describes typical detector configurations and the 
parameter setting procedures for the detector configurations. 

With the aCi series spindle, the detector circuitry hardware is set 
according to the parameter setting. For this reason, an alarm such as a 
disconnection alarm may be output while parameters related to 
detectors are being set. 

To initialize the hardware, after setting the parameters related to 
detectors, turn the power to the amplifier off once. 


(1) When position control is not exercised 
[Sample system configuration] 





spindle 
motor 






onnection via a gear or belt (connection ratio: m:n) 


Parameter No. Settings Description 

Does not exercise position control. 
(without position coder) 

Exercises velocity control with an 
estimated velocity only. 


4002 #3,#2,#1,#0 





4005#0 0 





Depends on the |Gear ratio between the spindle and 
configuration —_|motor 


4056 to 4059 
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(2) When the ai position coder is used 
[Sample system configuration] 





spindle 
motor 











Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


Parameter No. Settings Description 

Depends on the |Rotation directions of the spindle 
configuration. _|and motor 

Depends on the 
configuration. 


4000 #0 





4001 #4 Spindle sensor mounting direction 





Uses the ai position coder as the 

spindle sensor. 

Sets the number of spindle sensor 

gear teeth. 

Uses the speed calculated from the 

4005#0 position coder signal to perform 

speed control. 

Depends on the |Gear ratio between the spindle and 
configuration. _|motor 


4002 #3,#2,#1,#0 0,0,1,0 





4003 #7,#6,#5,#4 0,0,0,0 








4056 to 4059 
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2 





EXPLANATION OF OPERATION MODES 


“AD? 


B-65280EN/06 FANUC AC SPINDLE MOTOR aCi series 2.EXPLANATION OF OPERATION MODES 


2.1 VELOCITY CONTROL MODE 





2.1.1 Start-up Procedure 


A. Check that the serial spindle starts up normally and is ready for 
operation. 


B. Prepare and check the PMC ladder. 


C. Set the detector-related parameters according to the system 
configuration. 


D. Set the parameters related to spindle speed specification. 


E. Check that the spindle rotates at the desired speed. 


F. Execute an acceleration/deceleration function and adjust the 
acceleration/deceleration constant. 
e No.4069 to 4072 : Acceleration/deceleration constant 


G. Make a velocity loop gain adjustment as required. 
e No.4040, 4041 : Velocity proportional gain 
e No.4048, 4049 : Velocity integral gain 





2.1.2 Overview 


The velocity control mode is a function for exercising velocity control 
to rotate the spindle motor according to a velocity command from the 
CNC. 


NOTE 
On a CNC screen (such as the spindle monitor 


screen and the adjustment screen), the velocity 
control mode is indicated as "NORMAL 
OPERATION MODE". 





2.1.3 | System Configuration 


The velocity control mode is applicable to all detector configurations. 
For system configurations, see Subsection 1.3.3, "Typical Detector 
Configurations". 


Aa 
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2.1.4 List of I/O Signals (CNC<>PMC) 


This subsection provides a list of the I/O signals related to the velocity 
control mode only. For details of each signal, refer to the Connection 
Manual (Function) of each CNC. 
(a) For Series 161/181/211 
“FANUC Series 167/187/217-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(b) For Series 3037/3 11/321 
“FANUC Series 3072/3 11/327-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
(c) For Series 151 
“FANUC Series 15i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(d) For Series 07 
“FANUC Series 0i7-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63833EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 








For details of the I/O signals common to the CNCs, see Chapter 3, 
"I/O SIGNALS (CNC © PMC)", in Part I. 


(1) Input signals(PMC—>CNC) 
(a) Series 167 


#0 


ts Gosz_ | Rost_| Rov | Rosi | Rosi | Rosi | Rosi | Roz | Rot | 
and- Gos |_Rowi2 | Rov2 | Rosia | Rosiz | Rowe | Rosiz | Roa | Rowe | 
rs oss. | sinp | ssw | son | | ria | rim | rior | roo | 
anc. Gos. L_sinoz | ssina | sonz | [_rtaz [ tz | rio | rosie | 
NOTE 
“1 These signals are valid in multi-spindle control. 
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(b) Series 30: 


Common to all axes 


Common to all axes 
Common to all axes 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


(c) Series 157 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


ist- 
2nd- 


(c) Common to CNCs 


157 16i 
1st- G227 G070 
2nd- G235 G074 
1st- G226 GO071 
2nd- G234 G075 
1st- G229 G072 
2nd- G237 G076 


G027 


G028 
G029 
G030 


G032 
G034 


G033 
G035 


G005 


G024 
G232 


G025 
G233 


G026 
G272 


30: 
G070 
G074 


G071 
G075 


G072 
G076 


#7 #6 #5 #4 #3 #2 #1 #0 
ee ee ee 
(*1) (*1) (*1) (*1) 
ee a (eae 
(_[sse[som[or] | | | 





[roar [non] roo | ros [ oa [ oa | roa | row | 
Froeiz | nore | rose | rose | roan | rose | roam | ror | 


NOTE 
*1 These signals are valid in multi-spindle control. 


#7 #6 #5 #4 #3 #2 #1 #0 


Tava [rea | mica | mwa | moa | naa | nia | Ron 
Pave [roe | se | mwa | nes | ras | ave | roe 


riscna} | | riiza | ritta | ritoa | ria | risa | 
riscnB] | rnize | itis | ritos | ries | rie | 


| | csaa | csza| sia] | | 
| Less | css] csp] | | | 


#7 #6 #5 #4 #3 #2 #1 #0 
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(2) Output signals (CNC->PMC) 


(a) Series 167 


(b) Series 30: 


F001 
FOO7 
FO22 
F023 
F024 
F025 


F034 


F036 
F037 


F001 
FOO7 
FOQ22 
F023 
F024 
F025 


F034 


F036 
F037 














ened enor meorlcmetleen asses 
Es ar Cg 


Taco | wove [rose | novo | movo | roao | R020 
a a eR Te a 


NOTE 
“1 These signals are valid with the M series only. 
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(c) Series 157 


Common to all axes 
Common to all axes 
Common to all axes 
Common to all axes 
Common to all axes 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


(d) Common to CNCs 


157 161 
1st- F229 F045 
2nd- F245 F049 


F008 
F020 
F021 
FQ22 
F023 
F045 


F010 
F320 


F11 
F321 


F014 
F324 


F015 
F325 


F234 
F250 


F235 
F251 


F341 
F342 


30: 
F045 
F049 


| | srsrovy | | 


[ova [ Rosa | Ros | Rosa | Roza | Roza | Ror | Rom | 


[oisa [ nova | RO1sA | Rovaa | Roria [ Roria | Rowen | Roma | 


Twnva [ wnea | wisn | ween | wean | wren | wnin | wron | 
Pure [ ures | wese | wees | wese | wrze | wrie | wos | 


Tunisa | wren | weraa [nian [write | wvoa | won | wren | 
Funase [wevas [wrrae [wries [uriie | weroe | wee | wee | 


[Senora [serosa |ssposa] sepoea] Serban] seroan] seno1A | sSPO0A 








sro ealsspotaalosporaalseporaa|saporralsspoi0a] sapven [seroan| 








#7 #6 #5 #4 #3 #2 #1 #0 
[awa] [ova sara [sora esta] 
[une] [ore [sare [sore | ssra |_| 







ne ee 
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2.1.5 


Related Parameters 


Parameter No. 





16i 
3705#0 


3705#0 


Description 


Sets SF signal output and the S code for an S command. 





3705#2 


3705#2 


Gear switch method (M series only) 





3705#4 


3705#4 


Sets SF signal output and the S code for an S command (T series only). 





3705#5 


3705#5 


Sets SF signal output when constant surface speed control is exercised 
and an S code is specified (M series only). 





3705#6 


3705#6 


Sets SF signal output (M series only). 





3706#4 


3706#4 


Spindle gear selection method (M series only) 





3706#7,#6 


3706#7,#6 


Spindle speed command polarity (valid when input signal SSIN = 0) 





3709#0 


3709#0 


Number of sampling operations at spindle speed calculation time (T series 
only for 167) 





3735 


3735 


Minimum clamp speed of the spindle motor (M series only) 





3736 


3736 


Maximum clamp speed of the spindle motor (M series only) 





3740 


3740 


Time until the spindle speed arrival signal is checked 





3741 


3741 


Maximum spindle speed for gear 1 





3742 


3742 


Maximum spindle speed for gear 2 





3743 


3743 


Maximum spindle speed for gear 3 





3744 


3744 


Maximum spindle speed for gear 4 (T series only) 





3751 


3751 


Spindle motor speed at the switch point between gear 1 and gear 2 (M 
series only) 





3752 


3752 


Spindle motor speed at the switch point between gear 2 and gear 3 (M 
series only) 





3772 


3772 


Maximum allowable spindle speed 





2031 


3031 


3031 


Allowable number of S code characters 





2003#1 


Sets an S code polarity. 





2204#0 


Sets the display of an actual spindle speed. 





2402#6 


Sets the S code specified in a block containing G92. 





5602#3 


Whether to provide an indication for an alarm detected with the spindle 
amplifier. (Set "0" usually.) 





5611 


Number of sampling operations when an average spindle speed is to be 
found. 





5612 


Unit of spindle speed output with the DO signal 





5807#0 


Enables/disables the spindle alarms (SPxxxx) of all spindles. (Set "0" 
usually.) 





5842 


Number of position coder pulses 





5847 


Number of gear teeth on the position coder side on velocity control (for 
feed per revolution, threading, etc.) 





5848 


Number of gear teeth on the spindle side on velocity control (for feed per 
revolution, threading, etc.) 





5850 


Spindle number to be selected at power-on/reset time 





5820#4 


Sets the method of spindle speed calculation. 





3006#5 


4006#5 


4006#5 


Sets an analog override range. 





3009#4 


4009#4 


4009#4 


Whether to output the load detection signal (_DT1) during 
acceleration/deceleration 





300946 


4009#6 


4009#6 


Analog override type 





5607#0 


4019#7 


4019#7 


Automatic spindle parameter setting function 





3020 


4020 


4020 


Maximum motor speed 





3040 
3041 





4040 
4041 





4040 
4041 





Velocity loop proportional gain on the velocity control mode 
(A parameter is selected by the PMC input signal CTH1A.) 
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Parameter No. 





16i 


4048 
4049 


3048 
3049 


4048 
4049 


Description 


Velocity loop integral gain on the velocity control mode 
(A parameter is selected by the PMC input signal CTH1A.) 





3056 to 3059 | 4056 to 4059 


4056 to 4059 


Spindle and motor gear ratio data 
(A parameter is selected by the PMC input signals CTH1A and CTHZ2A.) 





3069 to 3072 | 4069 to 4072 


4069 to 4072 


Acceleration/deceleration constant 
(A parameter is selected by the PMC input signals CTH1A and CTHZ2A.) 





3081 4081 4081 


Delay time until the motor power is turned off 





3082 4082 4082 


Sets an acceleration/deceleration time. 











3083 4083 4083 


2.1.6 


151 916i +=. 303 
3006 4006 4006 
ALGOVR 
151 = 16i = 303 
3009 4009 4009 
LDTOUT 
OVRTYP 





Motor voltage on the velocity control mode 





NOTE 

1 For the detector-related parameters, see Section 
1.3, "PARAMETERS RELATED TO DETECTORS", 
in Part Ill. 


2 For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part Ill. 





Details of Related Parameters 


This subsection details the serial spindle parameters (in the four 
thousands for 167, in the four thousands for 301, and in the three 
thousands for 157) among the parameters related to the velocity 
control mode. For details of other parameters, refer to the parameter 
manual of each CNC. 


#7 #6 #5 #4 #3 #2 #1 #0 
| | fmcovel =| ET 
Sets a spindle analog override range. 


0: Oto 100% (standard setting value) 
1: Oto 120% 


#7 #6 #5 #4 #3 #2 #1 #0 
| foverve| ——uotour] | | 
Whether to output the load detection signal (LDTIA) during 
acceleration/deceleration 
0: Not output during acceleration/deceleration. (standard setting 

value) 


1: Output (at all times) during acceleration/deceleration if the 
parameter-set level is exceeded. 


Analog override type 


0: Override of linear function type (standard setting value) 
1: Override of quadratic function type 


- 429 - 


2.EXPLANATION OF OPERATION MODES FANUC AC SPINDLE MOTOR aCi series B-65280EN/06 


30: 
4019 


161 
4019 


PRLOAD 


301 
4020 


157 
3020 


167 
4020 


Unit of data : 
Valid data range : 
Standard setting value : 


30i 
4040 
4041 


157 
3040 
3041 


167 
4040 
4041 


Unit of data : 
Valid data range : 
Standard setting : 


#7 #6 #5 #4 #3 #2 #1 #0 
ROAD) Se ape = = Se oS =e 
Automatic parameter setting function 
0: Does not perform automatic parameter setting. (standard setting 

value) 

1: Performs automatic parameter setting. 

After setting a desired motor model code in parameter No. 4133 and 
setting this bit to 1, turn off the power to the CNC, then turn on the 
power to the CNC again. The parameters (No. 4000 to No. 4175) for 
the aCi series spindle corresponding to the model code are 
automatically initialized. Upon completion of automatic setting, this 
bit is automatically set to “0”. 


NOTE 
With FS15i, the parameter address of this function is 
different, namely, bit 0 of No. 5607 is used. Moreover, 
note that the meanings of settings are reversed as 


follows. 

0 : Performs automatic parameter setting. 

1 : Does not perform automatic parameter setting. 
In this case, set a model code in parameter No. 3133. 





Maximum motor speed 


min" 

0 to 32767 

Depends on the motor model. 

This parameter sets a maximum spindle motor speed. 


/A\ WARNING 
The spindle motor may rotate at the maximum 
spindle motor speed specified by this parameter. 
Therefore, this parameter must not be set toa 
value greater than the maximum rotation speed 


indicated by the specification of the spindle motor. 


CTH1A=0 
CTH1A=1 


Velocity loop proportional gain on velocity control mode (HIGH) 


Velocity loop proportional gain on velocity control mode (LOW) 





0 to 32767 
Depends on the motor model. 
This data is used to set the velocity loop proportional gain on velocity 


control mode. 
When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 
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157 167 301 


3048 4048 4048 Velocity integral gain on velocity control mode (HIGH) CTH1A=0 
3049 4049 4049 Velocity integral gain on velocity control mode (LOW) CTH1A=1 


Unit of data : 
Valid data range: 0 to 32767 
Standard setting: | Depends on the motor model. 
This data is used to set the velocity loop integral gain on velocity 
control mode. 
When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 





157 167 301 


3056 4056 4056 Gear ratio (HIGH) CTH1A=0, CTH2A=0 
3057 4057 = 4057 Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 
3058 4058 4058 Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 


3059 4059 4059 Gear ratio (LOW) CTH1A=1, CTH2A=1 





Unit of data: (Motor rotation for one rotation of spindle) / 100 
(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
Valid data range: 0 to 32767 
Standard setting value: 100 

These data are used to set the gear ratio between spindle and spindle 

motor. 

Example : 
When the spindle rotates once, set "250" as the data when the 
motor rotates 2.5 times. 


NOTE 

1 A parameter is selected by the input signals CTH1A 
and CTH2A. Ensure that the gear or clutch state 
corresponds to the input signals CTH1A and 
CTH2A. When the signals are not input correctly, the 
overcurrent alarm (spindle alarm 12) can be issued. 
When using a position coder, be sure to set this 
parameter. If this parameter is not set correctly, the 
velocity error excess alarm (spindle alarm 02), motor 
binding alarm (spindle alarm 31), or gear ratio 
parameter setting error alarm (spindle alarm 35) 
may be detected. 
When an improper value is set in this parameter, an 
unexpected operation can occur. For example, the 
spindle can continue rotating without stopping at the 
time of orientation. So, be sure to set a proper gear 
ratio. 





AS) & 
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157 167 30 





3069 4069 4069 Acceleration/deceleration constant (HIGH) CTH1A=0, CTH2A=0 
3070 4070 4070 Acceleration/deceleration constant (MEDIUM HIGH) CTH1A=0, CTH2A=1 
3071 4071 4071 Acceleration/deceleration constant (MEDIUM LOW) CTH1A=1, CTH2A=0 
3071 4072 4072  |Acceleration/deceleration constant (LOW) CTH1A=1, CTH2A=1 





Unit of data: 1min'' / sec 
Valid data range: 0 to 32767 
Standard setting value: 900 

These parameters set an acceleration/deceleration constant calculated 
from the motor output torque and spindle inertia and adjust 
acceleration/deceleration time. 
A parameter is selected by the input signals CTH1A and CTH2A. The 
initial setting value "900" assumes that linear acceleration/ 
deceleration is performed with the 30-minute rated torque at the 
maximum motor speed, with an inertia three times as large as the rotor 
inertia of the motor. It is assumed that all (aCi series spindle motors 
satisfy this initial value. So, there is a margin with some motor 
models. 
For each machine, find a load inertia, and assign the found value to 
the following expression to calculate an acceleration/deceleration 
constant for setting: 


Te = T/(Jm+ JI) x (60/27) 
= PIN x (60/22) (Jm+JI) x (60/27) 
= P/N/((Jm+Jl) x (60/27)" 


Tc [min"'/sec] : Acceleration/deceleration constant 


Jm [kgm’] : Motor rotor inertia 

Jl [kgm’] : Load inertia in terms of motor axis 
T [Nm] : 30-minute rated torque 

P [kW] : 30-minute rated output 

N [min"] : Motor speed 


[Rotor inertia and torque data of standard models] 


Motor model 
Rotor inertia Jm 
[kgm] 
30-minute rated 
torque at base 
speed T [Nm] 


























NOTE 

1 The initial setting value satisfies a value calculated 
with N = maximum speed and JI = Jmx3. 

2 Amaximum specifiable acceleration/deceleration 
constant is based on N = base speed. 
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157 167 301 
3081 4081 4081 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3082 4082 4082 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3083 4083 4083 


Unit of data : 
Valid data range : 
Standard setting : 


Delay time until the motor power is turned off 


10ms 

0 to 1000 

20(200ms) 

If SFRA = 0 or SRVA = 0 is specified, this parameter sets a period of 
time from the stop of the motor (detection of the speed zero detection 
signal SSTA = 1) until the power to the motor is turned off. 


NOTE 
When a small value is set in this parameter, the 


motor can coast after the power to the motor is 
turned off. 





Setting of acceleration/deceleration time 


lsec 

0 to 255 

10 

This parameter sets a period of time in which alarm detection is 
disabled by assuming that the spindle motor is being accelerated or 
decelerated even if the velocity error exceeds the velocity error excess 
alarm (spindle alarm 02) level after start of acceleration/deceleration 
on the velocity control mode. 

In the velocity control mode, a step-by-step speed command is 
specified. So, the spindle motor cannot follow up the command 
immediately after start of acceleration/deceleration, and the velocity 
error exceeds the velocity error excess alarm level. This parameter is 
used to prevent the velocity error excess alarm (spindle alarm 02) 
from being detected incorrectly immediately after start of 
acceleration/deceleration. 


NOTE 
With a machine tool such as a lathe that has a large 
load inertia, the acceleration/deceleration time 


becomes longer. In such a case, set the value 
corresponding to the acceleration/deceleration time 
of the machine in this parameter. 





Motor voltage setting on velocity control mode 


1% 

0 to 100 

60 

This parameter is used to set a motor voltage on velocity control mode. 
Usually, this parameter need not be adjusted. Use the standard setting. 
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2.1./ Troubleshooting 


If the spindle motor does not operate normally, take an action by 
referencing the items listed below according to the state of trouble. 
For an action to be taken when an alarm is issued, refer to the 
maintenance manual. 


State of trouble 


When the motor does not rotate 





When the motor does not rotate at a specified speed 





When the motor vibrates and makes an abnormal sound when 


rotating 





When an overshoot or hunting occurs 





When the cutting capability is degraded 











When the acceleration/deceleration time is long 


(i) When the motor does not rotate 


151 
1st- G227 
2nd- G235 
1st- G226 
2nd- G234 


161 
G070 
G074 


G071 
G075 


301 
G070 
G074 


G071 
G075 


(1) 


(2) 


Check the connections. (Refer to Descriptions (B-65372EN).) 

(a) Motor power line phase order 

(b) Connection of the position coder signal cable (shielding, 
grounding) 

(c) DC link connection between the common power supply 
(PS) and amplifier 


Check the parameter settings. 

(a) Parameter data for each motor model 

(b) Detector-related parameter data (Refer to Section 1.3 in Part 
Ill.) 

(c) Setting of a maximum motor speed 


isi [tei [800 eseription 


(d) Parameters related to spindle speed specification 
Refer to Subsec. 2.1.5 in Part III. 


Check the input signals. 
(a) Input signals for spindle control (PMC > CNC) 
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(ii) When the motor does not rotate at a specified speed 
(1) Check the connections. (Refer to Descriptions (B-65372EN).) 
(a) Motor power line connection 
(b) Connection of the position coder signal cable (shielding, 
grounding) 


(2) Check the parameter settings. 
(a) Parameter data for each motor model 
(b) Detector-related parameter data (Refer to Section 1.3 in Part 
Ill.) 
(c) Setting of a maximum motor speed 


Visi [te [901 | Desorption 


(d) Parameters related to spindle speed specification 
For Series 161/181/211 
“FANUC Series 16i/18i/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
For Series 301/3 11/321 
“FANUC Series 3031/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
For Series 151 
“FANUC Series 157-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
For Series 07 
“FANUC Series 0i7- MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63833EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 





(iii) When the motor vibrates and makes an abnormal sound when rotating 
(1) Check the connections. (Refer to Descriptions (B-65372EN).) 
(a) Connection of the position coder signal cable (shielding, 
grounding) 


(2) Check the parameter settings. 
The velocity loop gain may be too large. Adjust the following 
parameters: 


Description Setting data 


Velocity proportional gain (HIGH) 





Velocity proportional gain (LOW) | Decrease the 
Velocity integral gain (HIGH) setting values. 























Velocity integral gain (LOW) 
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(3) Make a comparison with the case of motor coasting. 

If vibration and sound produced when the motor coasts are 
extremely smaller than those produced when the motor is driven, 
the control circuit is faulty. If sound produced remains 
unchanged, the motor or the machine may be faulty. If the 
overheat signal cable from the motor is disconnected during 
motor rotation, an alarm is issued, and the motor coasts. Before 
performing the coasting of the motor, consult with the machine 
tool builder for confirmation. Depending on the sequence, the 
brake may be applied. 


(iv) When an overshoot or hunting occurs 
(1) Check the parameter settings. 
(a) The velocity loop gain may be too large. Adjust the 
following parameters: 


Description Setting data 


4040 | Velocity proportional gain(HIGH) 
4041 | Velocity proportional gain(LOW) | Decrease the 
4048 | Velocity integral gain (HIGH) setting values. 
4049 | Velocity integral gain (LOW) 


























(b) The acceleration/deceleration constant may be too large. 
Adjust the following parameters: 


Description Setting data 


Acceleration/deceleration constant 
(HIGH) 

Acceleration/deceleration constant 
(MEDIUM HIGH) Decrease the 
Acceleration/deceleration constant| setting values. 
(MEDIUM LOW) 
Acceleration/deceleration constant 
(LOW) 


























(v) When the cutting capability is degraded 
(1) Check the parameter settings. 
(a) Parameter data for each motor model 


(2) Check the input signals. 
(a) Torque limitation command (TLMHA) 


151 16i 30: 
1st- G227 G070 G070 
2nd- G235 G074 G074 





(3) Check the machine. 
(a) Belt tension, and so forth 
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(vi) When the acceleration/deceleration time is long 
(1) Check the parameter settings. 
(a) Parameter data for each motor model 


(b) The acceleration/deceleration constant may be too small. 
Adjust the following parameters: 


Description Setting data 


Acceleration/deceleration 
constant (HIGH) 
Acceleration/deceleration 
constant (MEDIUM HIGH) _|Increase the 
Acceleration/deceleration {setting values. 








Acceleration/deceleration 
constant (LOW) 

















(c) Regenerative power limitation (Check if the same value as 
in the parameter table for each motor model is set.) 


| 15i_| 16 | 301 | Description 


(2) Check the input signals. 
(a) Torque limitation commands (TLMH) 


151 161 30: 
1st- G227 G070 G070 
2nd- G235 G074 G074 





fASTs 
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2.2 POSITION CODER METHOD SPINDLE ORIENTATION 





2.2.1 Start-up Procedure 


A. Check that operation in the velocity control mode is enabled. 


B. Prepare and check the ladder program for spindle orientation. 
C. Set the parameters related to spindle orientation or detector. 


D. Check the position detect signal (position coder signal). 
E. Check whether orientation is performed. 
OK 


F. Set and check the direction used for orientation. 
- Set the direction of rotation used for orientation. 








NG 


G. Adjust the orientation stop position. 
- Detection level for the orientation completion signal 
- Orientation stop position shift 
- Orientation stop position 


H. Adjust the orientation speed. 
- Position gain for orientation 
- Orientation speed 


|. Adjust the orientation stop (to eliminate overshoot and ensure stop-time rigidity). 
- Position gain for orientation 
- Velocity loop proportional gain for orientation 
- Velocity loop integral gain for orientation 
- Motor voltage for orientation 
- Rate of change in position gain upon orientation completion 


J. Check ATC operation. 
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2.2.2 Overview 


For this subsection, see Subsection 2.2.2, "Overview", in Part I. 


2.2.3 Feature 


For this subsection, see Subsection 2.2.3, " Feature", in Part I. 


2.2.4 System Configuration 


The system configurations that enable the use of the position coder 
method orientation function are shown below. 


(1) When the ai position coder is used 


Ho Il Temperature sensor 


aCi 
spindle 
motor 








Spindle 








Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


NOTE 
The spindle sensor (separate detector) usable with 


the aCi series spindle amplifier is a position coder 
only. 





2.2.5 Stop Position Specification Method 


For this subsection, see Subsection 2.2.5, "Stop Position Specification 
Method ", in Part I. 
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2.2.6 I/O Signals (CNC<>PMC) 


(1) Address list of Input signals (PMC — CNC) 


151 16i 30 
1st- G227 G070 GO070 
2nd- G235 G074 G074 








#7 #6 #5 #4 #3 #2 #1 #0 
| forcmal | crt crnza| | 
| forcws] | crs forme} | 


ts Gaza core cor2 | | | || nro | roan | nox | 
anc. casr_cors core | | | | | vo [ rors | noxe | 


tst- 6230 Go7e_ G078_— | sHao7 | sHaos | sHaos | sHaos | sHaos | sHaoa | sHaot | sHAd0_ 
2nd- 6238 Go80 6080 | sHBo7 | sHB0s | sHB0s | sHBos | sHB0s | sHB02 | sHBo1 | SHBO0_ 


st c2a1 core cova | ||| start | strato | stiaos | stiaos | 
and Gas cost cost [|_| | | seit | sript0 | spo0 | snp0 | 


(2) Details of input signals (PMC — CNC) 





With the aCi series, the signals indicated in the item above are valid. 
For details of each signal, see Subsection 2.2.6(2), "Details of input 
signals (PMC — CNC)", in Part I. 


(3) Address list of output signals (CNC — PMC) 


151 161 30: 
1st- F229 F045 F045 
2nd- F245 F049 F049 


#7 #6 #5 #4 #3 #2 #1 #0 
Jorara] = || S| | | | 
jorars| | | | ET 


(4) Details of output signals (CNC — PMC) 





With the aCi series, the signals indicated in the item above are valid. 
For details of each signal, see Subsection 2.2.6(4), "Details of output 
signals (CNC — PMC)", in Part I. 


2.2./ Examples of Sequences 


For this subsection, see Subsection 2.2.7, " Examples of Sequences ", 
in Part I. 
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2.2.8 Related Parameters 


Parameter No. 
16: 





Description 


Specifies whether to use the spindle orientation function. (Set this bit to 1.) 
(The CNC software option is required.) 
Specifies whether to use the spindle orientation function with the stop 
5609#2 3702#3, #2 3729#0 position external setting type. (For 167, #2: First spindle, #3: Second 
spindle) 
3003#3,#2 4003#3,#2 | 4003#3,4#2 | Direction of rotation in spindle orientation (Set to 0 and 0 or 0 and 1.) 
3005#0 4005#0 4005#0 Setting of the velocity feedback method (Set to 1.) 
3017 #7 4017 #7 4017 #7 Shortcut function when orientation is specified in stop state 
Stop position for position coder method orientation 
3031 4031 4031 (This parameter is disabled when spindle orientation with an externally set 
stop position or an externally set incremental command is used.) 
3038 4038 4038 Spindle orientation speed 
3042 4042 4042 Velocity proportional gain on orientation 
3043 4043 4043 (A parameter is selected by the CTH1A input signal.) 
3050 4050 4050 Velocity integral gain on orientation 
3051 4051 4051 (A parameter is selected by the CTH1A input signal.) 
Spindle-to-motor gear ratio 
(A parameter is selected by the CTH1A and CTHZA input signals.) 
Position gain for orientation 
(A parameter is selected by the CTH1A and CTHZA input signals.) 
3064 4064 4064 Acceleration limitation ratio at deceleration time (Set to 100.) 
3075 4075 4075 Detection level for the spindle orientation completion signal 
3077 4077 4077 Spindle orientation stop position shift 
3084 4084 4084 Motor voltage for spindle orientation 
Acceleration at orientation deceleration time 
3320 to 3323 | 4320 to 4323/4320 to 4323! (a parameter is selected by the CTH1A and CTH2A input signals.) 


3015 #0 4015 #0 4015 #0 





























3056 to 3059 | 4056 to 4059) 4056 to 4059 





3060 to 3063 | 4060 to 4063/4060 to 4063 


























NOTE 

1 For the parameters related to detectors, see the Section 
1.3, “PARAMETERS RELATED TO DETECTORS?’ in 
the Part Ill. 


For velocity loop proportional/integral gain adjustment, 
see Section 4.1, "VELOCITY LOOP GAIN 
ADJUSTMENT", in Part Ill. 





SAAT 
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2.2.9 Details of Related Parameters 


151 161 ~=S 30 #7 


#6 #5 #4 #3 #2 #1 #0 
soos 4oos 4003 |_| | | meraforcts | | 


DIRCT2, DIRCT1 Setting of rotation direction at spindle orientation 


DIRCT2 | DIRCT1 Rotation direction at spindle orientation 


By rotation direction immediately before 


(It is CCW at the power on.) 
By rotation direction immediately before 
(It is CW at the power on.) 








15i 16i 30i #7 #6 #5 #4 #3 #2 #1 #0 


3005 4005 4005 VCTLPC 


VCTLPC _ Sets the velocity feedback method. 
0: Exercises velocity control with an estimated velocity only. 
1: Uses a velocity calculated from the position coder signal to 
exercise velocity control. 
Set to 1. 


15i 16i 30: #7 #6 #5 #4 #3 #2 #1 #0 


3017 4017 4017 NRROEN 


NRROEN _ Specifies whether to use the shortcut function when orientation is 
specified in the stop state. 
0: Does not use the function. 
1: Uses the function. 
When this bit is set to 1, short cut operation is performed when the 
following conditions are satisfied: 
- Bit 7 of parameter No. 4016 (RFCHK3) is set to 0. 
- Zero speed detection output signal SSTA is set to 1. 
- Shortcut command input signal NRROA is set to 1. 


157 167 301 


3031 4031 4031 Position coder method orientation stop position 


Unit of data: 1 pulse (360°/4096) 

Valid data range: 0 to 4096 

Standard setting: 0 
This data is used to set the stop position of position coder method 
spindle orientation. It can be set at every 360 degrees/4096. 
When stop position external command type orientation and 
incremental command external type orientation are set, this parameter 
becomes invalid. 
Stop position command (SHA11-SHA00) of input signal instructed 
becomes valid. 
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157 167 301 
3038 4038 4038 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3042 4042 4042 
3043. 4043 4043 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3050 4050 4050 
3051 4051 4051 


Unit of data : 
Valid data range : 
Standard setting : 
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Spindle orientation speed 


min’ 

0 to 32767 

0 

This parameter sets the orientation speed at the end of the spindle. 
When this data is set to 0, 200 min’ is set. 


Velocity loop proportional gain on orientation (HIGH) CTH1A=0 
Velocity loop proportional gain on orientation (LOW) CTH1A=1 


0 to 32767 

Depends on the motor model. 

This parameter sets the velocity loop proportional gain for spindle 
orientation. 

When the CTHIA input signal is set to 0, proportional gain for the 
HIGH gear is selected. When the CTH1A input signal is set to 1, 
proportional gain for the LOW gear is selected. 


Velocity loop integral gain on orientation (HIGH) CTH1A=0 
1 





Velocity loop integral gain on orientation (LOW) CTH1A= 


0 to 32767 

Depends on the motor model. 

This parameter sets the velocity loop integral gain for spindle 
orientation. 

When the CTH1A input signal is set to 0, integral gain for the HIGH 
gear is selected. When the CTH1A input signal is set to 1, integral 
gain for the LOW gear is selected. 
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157 
3056 
3057 
3058 
3059 


167 
4056 
4057 
4058 
4059 


301 
4056 
4057 
4058 
4059 


Unit of data : 


Valid data range : 
Standard setting : 


157 
3060 
3061 
3062 
3063 


167 
4060 
4061 
4062 
4063 


301 
4060 
4061 
4062 
4063 


Unit of data : 
Valid data range : 
Standard setting : 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 
Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
Gear ratio (LOW) CTH1A=1, CTH2A=1 


(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These parameters set the gear ratio of the spindle motor relative to the 
spindle. 

When the motor rotates 2.5 times, for every rotation of the spindle, for 
example, set 250 in the parameter. 


NOTE 

1 A parameter is selected by the input signals CTH1A 
and CTH2A. Ensure that the gear or clutch state 
corresponds to the input signals CTH1A and 
CTH2A. When the signals are not input correctly, the 
overcurrent alarm (spindle alarm 12) can be issued. 
When using a position coder, be sure to set this 
parameter. If this parameter is not set correctly, the 
velocity error excess alarm (spindle alarm 02), motor 
binding alarm (spindle alarm 31), or gear ratio 
parameter setting error alarm (spindle alarm 35) 
may be detected. 


When an improper value is set in this parameter, an 
unexpected operation can occur. For example, the 
spindle can continue rotating without stopping at the 
time of orientation. So, be sure to set a proper gear 
ratio. 





Position gain on orientation (HIGH) CTH1A=0, CTH2A=0 
Position gain on orientation (MEDIUM HIGH) CTH1A=0, CTH2A=1 
Position gain on orientation (MEDIUM LOW) CTH1A=1, CTH2A=0 
Position gain on orientation (LOW) CTH1A=1, CTH2A=1 

0.01sec™ 

0 to 32767 

1000 


These parameters set the position gain for orientation. 
A parameter is selected by the CTHIA and CTH2A input signals. 
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157 167 301 
3064 4064 4064 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3075 4075 4075 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3077 4077 4077 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3084 4084 4084 


Unit of data : 
Valid data range : 
Standard setting : 
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Acceleration limitation ratio at deceleration time 


1% 

0 to 100 
100 

Set to 100. 


Orientation completion signal detection level (limits of in-position) 





+ 1 pulse unit (360degrees/4096) 

0 to 100 

10 

This data is used to set the detecting level of orientation completion 
signal (ORARA). 

When the spindle position is located within the setting data on 
orientation completion, the bit of orientation completion signal 
(ORARA) in the spindle control signals is set to "1". 

When the orientation command (ORCMA) is turned off (= 0), the 
orientation completion signal (ORARA) is set to "0". 


Orientation stop position shift value 


+ 1 pulse unit (360degrees/4096) 

-4095 to 4095 

0 

In the position coder method orientation, set this data to shift stop 
position. 

Spindle is shift No. of setting pulse in CCW direction, and stops by 
data (+). 


Motor voltage setting on orientation 


This parameter sets the motor voltage for orientation. Usually, set 60. 
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157 
3320 


3321 


3322 


3323 


167 
4320 


4321 


4322 


4323 


301 
4320 


4321 


4322 


4323 


Unit of data : 
Valid data range : 
Standard setting : 


Acceleration at orientation deceleration time (HIGH) CTH1A=0, CTH2A=0 


Acceleration at orientation deceleration time (MEDIUM HIGH) 
CTH1A=0, CTH2A=1 


Acceleration at orientation deceleration time (MEDIUM LOW) 
CTH1A=1, CTH2A=0 





Acceleration at orientation deceleration time (LOW) CTH1A=1, CTH2A=1 


10min’'/sec 

0 to 32767 

0 

These parameters set a motor acceleration value at deceleration time in 
orientation. When 0 is set, an acceleration value of 520 min’'/sec 
(corresponding to setting = 52 or equivalent to the standard setting for 
the aC series spindle) is set. 


2.2.10 Adjusting the Orientation Stop Position Shift Parameter 


For this subsection, see Subsection 2.2.11, "Adjusting the Orientation 
Stop Position Shift Parameter", in Part I. 
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2.3 RIGID TAPPING 





2.3.1 Start-up Procedure 


A. Check that operation in the velocity control mode is enabled.. 


B. Prepare and check the rigid tapping ladder program. 


C. Set up the detector-related parameters according to the system 
configuration. 
- Specify to use the spndile sensor and spindle motor. 
- Specify the rotation direction of the spindle and motor and that of the 
spindle and position coder. 
- Set up the gear ratio between the spindle and motor. 


D. Adjust the parameters according to the adjustment procedure. 
- Maximum rotation speed and acceleration/deceleration time constant 
for rigid tapping 
Position gain for rigid tapping 
Velocity loop proportional and integral gains for rigid tapping 
Motor voltage for rigid tapping 
Motor activation delay 


. Check the precision by actually performing cutting. 
If there is a problem with the precision of the machine, adjust the 
acceleration/deceleration time constant and velocity loop gains again. 





2.3.2 Overview 


For this subsection, see Subsection 2.3.2, "Overview", in Part I. 
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2.3.3 System Configuration 


The system configurations that enable the use of rigid tapping are 
shown below. 


(1) When the ai position coder is used 


fem Temperature sensor 


aCi 
spindle 
motor 








Spindle 








Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


NOTE 
The spindle sensor (separate detector) usable with 


the aCi series spindle amplifier is a position coder 
only. 





- 448 - 


B-65280EN/06 FANUC AC SPINDLE MOTOR aCi series 2.EXPLANATION OF OPERATION MODES 


2.3.4 List of I/O Signals (CNC <> PMC) 


This subsection provides a list of the I/O signals related to rigid 
tapping only. For details of each signal, refer to the Connection 
Manual (Function) of each CNC. 
(a) For Series 161/181/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.11, “RIGID TAPPING.” 
(b) For Series 3037/3 11/321 
“FANUC Series 307/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.11, “RIGID TAPPING.” 
(c) For Series 151 
“FANUC Series 15i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.8, “RIGID TAPPING.” 
(d) For Series 07 
“FANUC Series 0i- MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63833EN-1 
Refer to Section 9.10, “RIGID TAPPING.” 








For details of the I/O signals common to the CNCs, see Chapter 3, 
"I/O SIGNALS (CNC © PMC)", in Part I. 


(1) Input signals (PMC —+ CNC) 


(a) Series 16: 


G027 


G028 


G029 


G061 


NOTE 

1 The rigid tapping of the 2nd spindle is available by 
the multi-spindle control function. 
When SWS1 is set to 1 (regardless of whether 
SWS2 is set to 0 or 1), rigid tapping is performed 
using the 1st spindle. When SWS71 is set to 0, and 
SWS2 is set to 1, rigid tapping is performed using 
the 2nd spindle. 
This signal is used when the rigid tapping of the 
second spindle. 
According to the GR21 signal, the individual gear 
parameters for gear 1 or 2, also used for the ‘1st 
spindle, are selected. 





- 449 - 


2.EXPLANATION OF OPERATION MODES FANUC AC SPINDLE MOTOR aCi series B-65280EN/06 


(b) Series 30: 


(c) Series 15: 


1st- 
2nd- 


(d) Common to CNCs 


15: 161 
1st- G227 G070 
2nd- G235 G074 


G027 
G028 
G029 


G061 


G026 
G272 


307 
G070 
G074 


GR22 | GR21 
(*2) (*2) 


pT Ra | 





The rigid tapping of the 2nd spindle is available by 
the multi-spindle control function. 

When SWS1 is set to 1 (regardless of whether 
SWS2 is set to 0 or 1), rigid tapping is performed 
using the 1st spindle. When SWS71 is set to 0, and 
SWS2 is set to 1, rigid tapping is performed using 
the 2nd spindle. 

This signal is used when the rigid tapping of the 
second spindle. 














#7 #6 #5 #4 #3 #2 #1 #0 
| | sera | srva [ornia}craaal | 
|| sere | seve [orate [crue] | 


(2) Output signals (CNC — PMC) 


(a) Series 16: 


F034 


FO65 


F076 


#7 #6 #5 #4 #3 #2 #1 
GR20 | GR10 
(*1) (*1) 


RGSPM | RGSPP 
(*1) a 


a ee ee 





NOTE 
*1 These signals are effective when M series. 
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(a) Series 30: 


GR20 | GR10 
(*1) (*1) 


F034 


ee oo 


NOTE 
*1 These signals are effective when M series. 


#7 #6 #5 #4 #3 #2 #1 #0 
pf] Trae || 
pt spc [sem | ser | 





(b) Series 151 






F040 
F155 





2.3.5 Sequence 


For a rigid tapping sequence, refer to the Connection Manual 
(Function) of each CNC. 
(a) For Series 161/181/211 
“FANUC Series 167/18i/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.11, “RIGID TAPPING.” 
(b) For Series 3037/3 11/321 
“FANUC Series 3021/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.11, “RIGID TAPPING.” 
(c) For Series 151 
“FANUC Series 15i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.8, “RIGID TAPPING.” 
(d) For Series 07 
“FANUC Series 0i- MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63833EN-1 
Refer to Section 9.10, “RIGID TAPPING.” 
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2.3.6 


Related Parameters 


Parameter No. 





16i 
5210 


5210 


Description 


M code of rigid tapping command 





5606#6 


5202#0 
(M series only) 


5202#0 


Whether to perform orientation (reference position return) when 
starting rigid tapping 





3706#1,#0 
3707#1,0 


Gear ratio between spindle and position coder, 1:1, 1:2, 1:4, 1:8 





5842 


3720 


Number of pulse of the position coder 





3065 to 3068 


5280 
5281 to 5284 


5280 
5281 to 5284 


Position gain of tapping axis at rigid tapping 
(16i /30i: No. 5284 is used for the T series only.) 





5605#1 


Acc./Dec. type (Set to 1.) 





5711 


5241 
5242 
5243 
5244 


5241 
5242 
5243 
5244 


Spindle maximum speed at rigid tapping 
(167: No. 5244 is used for the T series only.) 





5605#2 
5757 
5886 
5889 
5892 


Spindle speed for determining an acceleration value for cutting 
feed on rigid tapping 





5605#2 
5751 
5884 
5887 
5890 
5893 


Acc./Dec. time constant 
(167: No. 5264 is used for the T series only.) 





5605#2 
5752 
5885 
5888 
5891 
5894 


FL speed for spindle and drilling axis acceleration/deceleration on 
rigid tapping 





5200#4 


5200#4 


Override selection at extracting 





5883 


5211 


5211 


Override value at extracting 





5201#2 
5271 to 5274 


5201#2 
5271 to 5274 


Time constant at extracting 
(No. 5274 is used for the T series only.) 





1827 


5300 


5300 


In-position width of tapping axis 





5875 


5301 


5301 


In-position width of spindle 





1837 


5310 
5341 


5310 


Allowable level of position error of tapping axis at moving 





5876 


5311 


5311 


Allowable level of position error of spindle at moving 





1829 


5312 


5312 


Allowable level of position error of tapping axis at stop 





5877 


5313 


5313 


Allowable level of position error of spindle at stop 





5853 
5856 
5859 
5862 


5321 
5322 to 5324 


5321 
5322 to 5324 


Backlash of spindle 
(167: Nos.5322 to 5324, 307: No. 5324 is used for the T series only.) 





3000#4 


4000#4 


4000#4 


Reference position return direction on servo mode 





3002#5 


4002#5 


4002#5 


Whether to enable the rotation direction signal (SFR/SRV) on servo 
mode 





3005#0 








4005#0 


4005#0 








Setting of the velocity feedback method (Set to 1.) 
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Parameter No. 
16i 





Description 


Velocity loop proportional gain on servo mode/spindle synchronous 
control 

(It is selected by input signal CTH1A/B.) 

Velocity loop integral gain on servo mode/spindle synchronous 
control 

(It is selected by input signal CTH1A/B.) 

Gear ratio between spindle and motor 

(It is selected by input signal CTH1A or CTH2A) 

Spindle position gain on servo mode/spindle synchronous control 
(It is selected by input signal CTH1A or CTH2A) 

3073 4073 4073 Grid shift amount on servo mode 

3074 4074 4074 Reference position return speed on servo mode 

Position gain change ratio at reference position return time on 
servo mode 

3085 4085 4085 Motor voltage on servo mode/spindle synchronous control 

3099 4099 4099 Delay time for stable motor excitation 


3044 4044 4044 
3045 4045 4045 





3052 4052 4052 
3053 4053 4053 





3056 to 3059 | 4056 to 4059 4056 to 4059 





3065 to 3068 | 4065 to 4068 4065 to 4068 











3091 4091 4091 




















NOTE 

1 For the parameters related to detectors, see 
Section 1.3, “PARAMETERS RELATED TO 
DETECTORS?’ in the Part III. 


For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part Ill. 





2.3.7 Details of Related Parameters 


This subsection details the serial spindle parameters (in the four 
thousands for 167 , in the four thousands for 307, and in the three 
thousands for 157) among the parameters related to rigid tapping. For 
details of other parameters, refer to the parameter manual of each 
CNC. 


153 167 30: 


#7 #6 #5 #4 #3 #2 #1 #0 
sooo 4000 4ooo [| | | ersv| | S| S| 


RETSV_ Reference position return direction on servo mode (rigid 
tapping/spindle positioning) 
0: The spindle performs a reference position return operation in the 
CCW(counterclockwise) direction. 
1: The spindle performs a reference position return operation in the 
CW(clockwise) direction. 
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153 167 30: 
3002 4002 4002 


SVMDRT 


153 167 30: 
3005 4005 4005 


VCTLPC 


151 167 301 


3044 4044 4044 


3045 4045 4045 


Unit of data : 
Valid data range : 
Standard setting value : 


#7 #6 #5 #4 #3 #2 #1 #0 
Fae (ee re | | 


Whether to enable the rotation direction signal (SFR/SRV) function 
on servo mode (rigid tapping/spindle positioning) 
0: Enables the rotation direction function. 
If a move command from the CNC is positive (+), 
(a) The spindle rotates in the CCW direction when the input 
signal SFR (bit 5 of G70) = 1. 
(b) The spindle rotates in the CW direction when the input 
signal SRV (bit 4 of G70) = 1. 
1: Disables the rotation direction function. 
If a move command from the CNC is positive (+), the spindle 
rotates in the CCW direction when the input signal SFR = 1 or 
SRV = 1. 


#7 #6 #5 #4 #3 #2 #1 #0 
ae ee 
Sets the velocity feedback method. 

0: Exercises velocity control with an estimated velocity only. 
1: Uses a velocity calculated from the position coder signal to 


exercise velocity control. 
Set to 1. 


Velocity loop proportional gain on servo mode/spindle synchronous control 
(HIGH) CTH1A=0 


Velocity loop proportional gain on servo mode/spindle synchronous control 
(LOW) CTH1A=1 





0 to 32767 

Depends on the motor model. 

These parameters set a velocity loop proportional gain on servo mode 
(rigid tapping/spindle positioning) or spindle synchronous control. 
When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 
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151 167 301 


3052 4052 4052 


3053 4053 4053 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30: 
3056 4056 4056 
3057 4057 4057 
3058 4058 4058 
3059 4059 4059 


Unit of data : 


Valid data range : 
Standard setting : 


Velocity loop integral gain on servo mode/spindle synchronous control (HIGH) 
CTH1A=0 





Velocity loop integral gain on servo mode/spindle synchronous control (LOW) 
CTH1A=1 


0 to 32767 

Depends on the motor model. 

These parameters set a velocity loop integral gain on servo mode 
(rigid tapping/spindle positioning) or spindle synchronous control. 
When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 


NOTE 
For velocity loop gain setting on spindle synchronous 


control and servo mode, the common parameters 
are used. 





Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 
Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
Gear ratio (LOW) CTH1A=1, CTH2A=1 


(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These parameters set the gear ratio of the spindle motor relative to the 
spindle. 

When the motor rotates 2.5 times, for every rotation of the spindle, for 
example, set 250 in the parameter. 


NOTE 

1 A parameter is selected by the input signals CTH1A 
and CTH2A. Ensure that the gear or clutch state 
corresponds to the input signals CTH1A and 
CTH2A. When the signals are not input correctly, the 
overcurrent alarm (spindle alarm 12) can be issued. 


When using a position coder, be sure to set this 
parameter. If this parameter is not set correctly, the 
velocity error excess alarm (spindle alarm 02), motor 
binding alarm (spindle alarm 31), or gear ratio 
parameter setting error alarm (spindle alarm 35) 
may be detected. 
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3065 4065 4065 
3066 4066 4066 
3067 4067 4067 
3068 4068 4068 

Unit of data : 
Valid data range : 


Standard setting value : 


157 167 301 
3073 4073 4073 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3074 4074 4074 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3085 4085 4085 


Unit of data : 
Valid data range : 
Standard setting value : 
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Spindle position gain on servo mode/spindle synchronous control (HIGH) 
CTH1A=0, CTH2A=0 


Spindle position gain on servo mode/spindle synchronous control 
(MEDIUM HIGH) 


CTH1A=0, CTH2A=1 


Spindle position gain on servo mode/spindle synchronous control 
(MEDIUM LOW) CTH1A=1, CTH2A=0 


Spindle position gain on servo mode/spindle synchronous control (LOW) 
CTH1A=1, CTH2A=1 





0.01sec™ 

0 to 32767 

1000 

These parameters set a position gain on servo mode (rigid 
tapping/spindle positioning) or spindle synchronous control. 

A parameter is selected according to the input signals CTHIA and 
CTH2A. 


NOTE 
For velocity loop gain setting on spindle synchronous 


control and servo mode, the common parameters 
are used. 





Grid shift amount on servo mode 


1 pulse (=360°/4096) 

0 to 4095 

0 

This parameter is used to shift the reference position on servo mode 
(rigid tapping/spindle positioning). 

The reference position of the spindle is shifted in the CCW direction 
by the specified number of pulses. 


Reference position return speed on servo mode 


min" 

0 to 32767 

0 

To perform a reference position return operation, set a reference 
position return speed in this parameter. 


Motor voltage on servo mode/spindle synchronous control 


1% 

0 to 100 

60 

These parameters set a motor voltage on rigid tapping. Usually, set 60. 


- 456 - 


B-65280EN/06 FANUC AC SPINDLE MOTOR aCi series 2.EXPLANATION OF OPERATION MODES 


157 167 301 
3091 4091 4091 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3099 4099 4099 


Unit of data : 
Valid data range : 
Standard setting value : 


Position gain change ratio at reference position return time on servo mode 


1% 

0 to 100 

100 

This parameter sets a position gain change ratio at reference position 
return time on servo mode (rigid tapping, spindle positioning, and so 
forth). 


NOTE 
An overshoot can occur at reference position return 
time for a cause such as an excessively high 


reference position return speed and an excessively 
large spindle inertia. In this case, an overshoot can 
be avoided by setting a small value in this 
parameter. 





Delay time for stable motor excitation 


lms 

0 to 32767 

0 

This parameter sets a period of time required until motor excitation 
becomes stable on rigid tapping. 


NOTE 
In switching from the velocity control mode to rigid 
tapping mode, the stop time excessive error alarm 
can be issued intermittently. 
This is because the excitation state of the spindle 


motor changes abruptly, and therefore a transient 
state occurs in the motor, thus moving the motor 
shaft slightly. 

In such a case, set this parameter. In general, set a 
value from about 300 to 400 (300 to 400 msec). 
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2.3.8 Parameter Setting Procedure 


(1) Gear ratio between the spindle and the motor 
The loop gain constant parameter is not used in the aCi series (Serial) 
spindle system. 
“Gear ratio between the spindle and the motor” parameter should be 
set instead of it. 
Each parameter is selected according to the gear selection signal 
(CTH1A/B, CTH2A/B). 


[1st. sp] 

Gear signal Parameter No. 
CTH1A CTH2A j 16i 

3056 (S1 





) | 4056(S1) | 4056 (S1 
3057 (S1) | 4057(S1) | 4057 (S1 
3058 (S1) | 4058(S1) | 4058 (S1 
3059(S1) | 4059(S1) | 4059(S1 


























) 
) 
) 
) 


[2nd. sp] 
Gear signal Parameter No. 
CTH1B j 16i 
3056 (S1) 4056 (S2 4056 (S2 
3057 (S1) 4057 (S2 4057 (S2 
3058 (S1) 4058 (S2 4058 (S2 
3059 (S1) 4059 (S2 4059 (S2 
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(2) Position gain 
In rigid tapping, the tapping axis and spindle are controlled to be 
synchronized. So, the position gains of the tapping axis and spindle 
must be set to the same value. 


[Series 167] 
The position gain parameter of the tapping axis in the rigid tapping is 
selected as follows according to the gear selection signal. 

Standard machining [M series]: GR30, GR20, GR1O 

Turning [T series] and machining [M series] with surface speed 
constant option: GR2, GR1 

Second spindle of turning [T series]: GR21(Multi-spindle control 
option is needed) 

Turning [T series] and machining [M series] with 

surface speed constant 

Gear signal Gear signal 


Parameter No. Parameter No. 
GR10 | GR20O | GR30 1st. sp 2nd. sp 


Standard machining [M series] 











GR1 GR2 GR21 T M 



































NOTE 

*{ When this parameter is "0", each gear parameter 
becomes valid. 
When this parameter is not "0", each gear parameter 
becomes invalid, and this parameter is always used. 





The position gain parameter of the spindle in the rigid tapping is 
selected as follows according to the gear selection signal (CTHIA/B, 
CTH2A/B). (This is common T series and M series) 


[1st. sp] [2nd. sp] 

Gear signal Parhmeter Ne: Gear signal 
CTH1A | CTH2A CTH1B | CTH2B 
4065 (S1) 4065 (S2 
4066 (S1) 4066 (S2 
4067 (S1) 4067 (S2 
4068 (S1) 4068 (S2 








Parameter No. 























/A\. CAUTION 


Take care to input the gear selection signal GR1, 
GR2, GR21, GR10, GR2O, GR30 and CTH1A/B, 
CTH2A/B according to the real gear state in order to 
get the same position gain of the tapping axis and 
that of the spindle, because GR1, GR2, GR21, 
GR10, GR20, GR30 and CTH1A/B, CTH2A/B are 
inputted independently. 
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[Series 30] 
The position gain parameter of the tapping axis in the rigid tapping is 
selected as follows according to the gear selection signal. 
Standard machining[M series]: GR30, GR20, GR1O 
Turning [T series] and machining [M series] with surface speed 
constant option : GR2, GR1 
Second spindle : GR22, GR21(Multi-spindle control option is needed) 
Turning [T series] and machining [M series] with 


Standard machining [M series] eiirfacespeed:coustant 


Gear signal Gear signal Parameter No. 


Parameter No. GR1 
GR10 | GR20 | GR30 GR2 GR21 








1 0 5231 
5232 
0 1 5233 
































* First spindle: GR1, GR2 / Second spindle: GR21, GR22 


NOTE 

*{ When this parameter is "0", each gear parameter 
becomes valid. 
When this parameter is not "0", each gear parameter 
becomes invalid, and this parameter is always used. 





The position gain parameter of the spindle in the rigid tapping is 
selected as follows according to the gear selection signal (CTHIA/B, 
CTH2A/B). (This is common T series and M series) 


[1st. sp] [2nd. sp] 

Gear signal Baranctec Ne: Gear signal 
CTH1A | CTH2A CTH1B | CTH2B 
4065 (S1 4065 (S2 
4066 (S1 1 4066 (S2 
4067 (S1 4067 (S2 
4068 (S1 4068 (S2 








Parameter No. 























/A\. CAUTION 


Take care to input the gear selection signal GR1, 
GR2, GR21, GR22, GR10, GR2O, GR30 and 
CTH1A/B, CTH2A/B according to the real gear state 
in order to get the same position gain of the tapping 
axis and that of the spindle, because GR1, GR2, 
GR21, GR22, GR10, GR2O, GR30 and CTH1A/B, 
CTH2A/B are inputted independently. 
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[Series 15] 


In the rigid tapping, the same parameter address data is used for the 
position gain of the tapping axis and the spindle. 

Each position gain is selected as follows according to the gear 
selection signal (CTH1A, CTH2A). 


Gear signal 





Parameter No. 














(3) Acceleration/deceleration time constant 


[Series 167] 








(1) Each parameter can be set for each gear and is selected according 
to the gear selection signal. 
By setting the following parameter, the different time constant 
between the cutting in and cutting out (extracting) becomes 
available. 


0: The same time constant between cutting in and out. 
(No. 5261 to 5264) 


1 : The different time constant between cutting in and out. 


Cutting in : No. 5261 to 5264 


Cutting out: No. 5271 to 5274 


Standard Machining [M series]: GR30, GR2O, GR1O 

Turning [T series] and Machining [M series] with surface speed 
constant : GR2, GR1 
2nd. sp of Turning [T series] : GR21 (Multi-spindle control 
option is needed) 


Gear signal 


Standard machining [M series] 


Time constant 





GR10 


GR20 


GR30 


(Cutting in) 
Parameter No. 


Time constant 
(Cutting out) 
Parameter No. 


Spindle max. speed 
at rigid tapping 
Parameter No. 


























Turning [T series] and machining [M series] with surface speed constant 


Gear signal 





1st. sp 


2nd. sp 





GR1 


GR2 


GR21 


Time constant 
(Cutting in) 
Parameter No. 


Time constant 
(Cutting out) 


Spindle max. speed at 
rigid tapping 
Parameter No. 





Parameter No. 


T/TT M 























NOTE 
*1 This is not available for Machining (M series). 
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[Series 307] 


(2) The override at extracting. 


0: The override at extracting is not valid. 


1: The override at extracting is valid. 
(Set override value at No. 5211) 


(1) Each parameter can be set for each gear and is selected according 
to the gear selection signal. 
By setting the following parameter, the different time constant 
between the cutting in and cutting out (extracting) becomes 


Gear signal 


[ seor 2 | 0: 


available. 


(No. 5261 to 5264) 
1: The different time constant between cutting in and 


out. 


The same time constant between cutting in and out. 


Cutting in : No. 5261 to 5264 
Cutting out: No. 5271 to 5274 


Standard Machining [M series]: GR30, GR2O, GR1O 
Turning [T series] and Machining [M series] with surface speed 


constant : GR2, GR1 


2nd. sp : GR21, GR21 (Multi- spindle control option is needed) 


Standard machining [M series] 


Time constant 





GR20 


GR30 


(Cutting in) 
Parameter No. 


Time constant 
(Cutting out) 
Parameter No. 


Spindle max. speed 
at rigid tapping 
Parameter No. 

















Time constant 
(Cutting in) 
Parameter No. 








Time constant 
(Cutting out) 





Spindle max. speed at 
rigid tapping 
Parameter No. 





Parameter No. 


T M 





























First spindle: GR1, GR2 / Second spindle: GR21, GR22 


NOTE 
“1 This is not available for Machining (M series). 


(2) The override at extracting. 


0: The override at extracting is not valid. 


1: The override at extracting is valid. 
(Set override value at No. 5211) 
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[Series 15] 
(1) Acc./Dec. type 
0: Exponential type Acc./Dec. 


1: Linear type Acc./Dec. (Standard setting) 


NOTE 


Usually, linear type acceleration/deceleration (bit 1 of 
No. 5605 = 1) is used. 





(2) Set Acc./Dec. the time constant of the rigid tapping mode. 
<1> The time constant is a fixed value if bit 2 of parameter No. 
5605 = 0. 


Acc./Dec. time constant 5751 
Spindle speed 5757 
<2> When bit 2 of parameter No.5605 is set to 1, one of the four 


acceleration/deceleration time constants is selected, 
depending on the spindle speed. 





Spindle speed Acc./Dec. time constant 
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2.3.9 | Adjustment Procedure 


(1) Parameters used for adjustment 
The table below lists and describes the parameters used for adjusting 
rigid tapping. 


Parameter No.(FS16i) Description 





Maximum spindle speed on rigid tapping (Depends on the GR signal. 5244 is for the 
T series only.) 

Acceleration/deceleration time constant on rigid tapping (Depends on the GR 
signal. 5264 is for the T series only.) 

Position gain of tapping axis on rigid tapping (5280 is for all gears. 5281 to 5284 
depend on the GR signal. 5284 is for T series only.) 


5241 to 5244 





5261 to 5264 





5280 to 5284 




















4065 to 4068 Spindle position gain on rigid tapping (depends on CTH1 and CTH2 signals) 
4044 to 4045 Velocity proportional gain on rigid tapping (depends on CTH1A signal) 
4052 to 4053 Velocity integral gain on rigid tapping (depends on CTH1A signal) 

4085 Motor voltage on rigid tapping (Set to 60.) 

4099 Delay time for motor excitation (Specify a value around 300 to 400.) 





(2) Spindle data used for adjustment 
For this item, see Item 2.3.9-(2), "Spindle data used for adjustment ", 
in Part I. 


(3) Adjustment procedure 
For this item, see Item 2.3.9-(3), "Adjustment procedure ", in Part I. 


2.3.10 Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 2.3.10, "Diagnosis (Diagnosis 
Screen)", in Part I. 


2.3.11 Alarm 


For this subsection, see Subsection 2.3.11, "Alarm", in Part I. 
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2.4 SPINDLE SYNCHRONOUS CONTROL 





2.4.1 Start-up Procedure 


A. Check that operation in velocity control mode is ready. 
B. Prepare and check the ladder programs for the spindle synchronous control function. 
C. Set the parameters related to spindle synchronous control. 


D. Connect a position coder and check the feedback signal. 


E. Check the spindle synchronous speed. 


F. Check the direction of spindle rotation when spindle synchronous control is applied. 
- Direction of spindle motor rotation when spindle synchronous control is applied. 


G. Check that errors such as overshoot or hunting do not occur before the spindle achieves the 
maximum speed for synchronization. 

- Position gain for spindle synchronous control 

- Acceleration/deceleration time constant used for spindle synchronous control 


H. Check that the error pulse difference between the spindles is within +5 pulses. 


- Position gain for spindle synchronous control 

- Spindle-to-motor gear ratio data 

- Velocity loop proportional gain for spindle synchronous control 

- Velocity loop integral gain for spindle synchronous control 

- Bell-shaped acceleration/deceleration time constant for spindle synchronous control 
- Motor voltage for spindle synchronous control 


I. Check the operation of spindle phase synchronization control. 
- Shift amount for spindle phase synchronization 
- Compensation data for spindle phase synchronization 





J. End the checking of spindle synchronous control operation. 
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2.4.2 Overview 


For this subsection, see Subsection 2.5.2, " Overview ", in Part I. 


2.4.3 System Configuration 


The system configurations that enable the use of the spindle 
synchronous control function are shown below. 


(1) When the ai position coder is used 


aCi spindle motor 


Temperature 
sensor 










Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


2nd spindle 


aCi spindle motor 


Temperature 
sensor 


Spindle 





Directly connected or connected with a gear or timing 
belt at a ratio of 1:1 


NOTE 
The spindle sensor (separate detector) usable with 


the aCi series spindle amplifier is a position coder 
only. 





2.4.4 Explanation of Operation 


For this subsection, see Subsection 2.5.4, "Explanation of Operation ", 
in Part I. 
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2.4.5 I/O Signals (CNC <> PMC) 


(1) Address list of input signals (PMC — CNC) 


16i 30i #7 #6 #5 #4 #3 #2 #1 #0 
Common to all axes G038 G038 | || sppusspsve] | 
| Rosi | ov! | rosi_| Rosi | row | ros | Roa | Row _| 
pt sson || rat | ei | rior | roor_| 


|| sera | srva [crural cruza} | 
| | sere | seve [crue [crus] | 


ts corr corm | | Tra | | | 
anc ors cos | | two] | | | 


(2) Details of input signals (PMC — CNC) 





Common to all axes G032 G032 









Common to all axes G033 G033 







1st- G070 G070 
2nd- G074 G074 








With the aCi series, the signals indicated in the item above are valid. 
For details of each signal, see Item 2.5.5-(2), "Details of input signals 
(PMC + CNC)", in Part I. 


(3) Address list of output signals (CNC — PMC) 


161 30: 


#7 #6 #5 #4 #3 #2 #1 #0 


ts Foas rows, | ||| sama | | 
anc fone ross | | | | comp | | | 


(4) Details of output signals (CNC — PMC) 





With the aCi series, the signals indicated in the item above are valid. 
For details of each signal, see Item 2.5.5-(4), "Details of output signals 
(CNC > PMC)", in Part I. 

2.4.6 Examples of Sequences 


For this subsection, see Subsection 2.5.6, "Examples of Sequences", in 
Part I. 
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2.4.7 


Related Parameters 


Parameter No. 





16i 


4800#0 


16i 


Description 


Direction of rotation of the 1st spindle motor while spindle synchronous control is 
applied 





4800#1 


Direction of rotation of the 2nd spindle motor while spindle synchronous control is 
applied 





4801#0 


Direction of rotation of each spindle motor while spindle synchronous control is applied 





4810 


4810 


Error pulse difference between the two spindles for turning on the spindle phase 
synchronous completion signal 





4811 


4811 


Error pulse difference between the two spindles for issuing an alarm on spindle 
synchronous control 





4002#6 


4002#6 


Whether to enable the rotation direction signal (SFR/SRV) function on spindle 
synchronous control 





4005#0 


4005#0 


Setting of the velocity feedback method 





4006#1 


4006#1 


Gear ratio increment system 





4006#3 


4006#3 


Setting for disabling automatic one-rotation signal detection at spindle synchronous 
control mode switching time 





4032 


4032 


Acceleration used for spindle synchronous control 
(The same value must be set for both the ist and 2nd spindles.) 





4033 


4033 


Spindle synchronous speed arrival level 





4034 


4034 


Shift amount for spindle phase synchronous control 





4035 


4035 


Compensation data for spindle phase synchronous control 





4044 
4045 


4044 
4045 


Velocity proportional gain on spindle synchronous control 
(A parameter is selected by the CTH1A PMC input signal.) 





4052 
4053 


4052 
4053 


Velocity integral gain on spindle synchronous control 
(A parameter is selected by the CTH1A PMC input signal.) 





4056 to 4059 


4056 to 4059 


Spindle-to-motor gear ratio data 
(A parameter is selected by the CTH1A and CTH2A PMC input signals. ) 





4065 to 4068 


4065 to 4068 


Position gain on spindle synchronous control 
(The same value must be specified for both the 1st and 2nd spindles.) 
(A parameter is selected by the CTH1A and CTH2A PMC input signals. ) 





4085 


4085 


Motor voltage on spindle synchronous control 





4336 


4336 


Magnetic flux switching point used for calculating an acceleration/deceleration time 
constant used on spindle synchronous control 
(The same value must be specified for both the 1st and 2nd spindles.) 





4340 





4340 





Bell-shaped acceleration/deceleration time constant on spindle synchronous control 
(The same value must be specified for both the first and second spindles.) 


NOTE 


1 For the detector-related parameters, see Section 
1.3, "PARAMETERS RELATED TO DETECTORS", 
in Part Ill. 

2 For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part Ill. 
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2.4.8 Details of Related Parameters 


161 30: 
4002 4002 


SYCDRT 


161 30: 
4005 4005 


VCTLPC 


This subsection details the serial spindle parameters (in the four 
thousands for 167 and 307) among the parameters related to spindle 
synchronous control. For details of other parameters, refer to the 
parameter manual of each CNC. 
(a) For Series 167/187/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.12, “SPINDLE SYNCHRONOUS 
CONTROL.” 
(b) For Series 3037/3 11/321 
“FANUC Series 3071/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.13, “SPINDLE SYNCHRONOUS 
CONTROL.” 
(c) For Series 07 
“FANUC Series 0i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63833EN-1 
Refer to Section 9.11, “SPINDLE SYNCHRONOUS 
CONTROL.” 





#7 


#6 #5 #4 #3 #2 #1 #0 
| sveorr] = | | 


Whether to enable the rotation direction signal (SFR/SRV) function 
on spindle synchronous control 
0: Enables the rotation direction function. 
If a move command from the CNC 1s positive (+), 
(a) The spindle rotates in the CCW direction when the input 
signal SFR (bit 5 of G70) = 1. 
(b) The spindle rotates in the CW direction when the input 
signal SRV (bit 4 of G70) = 1. 
1: Disables the rotation direction function. 
If a move command from the CNC is positive (+), the spindle 
rotates in the CCW direction when the input signal SFR = 1 or 
SRV = 1. 


#7 #6 #5 #4 #3 #2 #1 #0 
fo SE ee = | were | 
Sets the velocity feedback method. 

0: Exercises velocity control with an estimated velocity only. 

1: Uses a velocity calculated from the position coder signal to 


exercise velocity control. 
Set to 1. 
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161 30: 
4006 4006 


GRUNIT 


SYCREF 





#7 


#6 #5 #4 #3 #2 #1 #0 
| TT sve} run] 


Sets a gear ratio setting resolution: 
0: 1/100 unit 
1: 1/1000 unit 
Select a gear ratio data setting resolution from the following: 
(a) Resolution based on motor speed increased by a factor of 100 
relative to one spindle rotation 
(b) Resolution based on motor speed increased by a factor of 1000 
relative to one spindle rotation 
Depending on the setting of this parameter, the increment system of 
the parameters indicated in the table below changes. 
Parameter No. 
163 30i 


4056 to 4059 4056 to 4059 ‘| Spindle-to-motor gear ratio data 


NOTE 
1 Usually, use the 1/100 unit (setting "0"). 





Description 


2 When the 1/100 unit is set as the gear ratio setting 
resolution (with the bit set to 0), a steady-state 
synchronous error may be indicated due to the 
fraction of the gear ratio. 

In such a case, the synchronous error can be 
improved when the 1/1000 unit is set as the gear 
ratio setting resolution (with the bit set to 1). 


Setting for function performing automatic detection of the 

one-rotation signal on spindle synchronous control 

0: Automatic detection of the one-rotation signal carried out 

1: Automatic detection of the one-rotation signal not carried out. 
(When spindle phase synchronization is not carried out) 

When the mode is switched to spindle synchronous control mode after 

power-on, the two spindles automatically perform a one-rotation 

signal detection operation. So, the spindles automatically make two to 

three turns even if such turns are not intended. 

This operation is required because the one-rotation signal must be 

detected to enable spindle phase synchronous control. 

If the two spindles are mechanically connected to disable each spindle 

from performing a one-rotation signal detection operation, or if 

spindle phase synchronous control is not exercised, the operation 

above can be disabled by setting this bit to 1. 

When this parameter is set to 1, check that the one-rotation signal has 

been detected for both spindles (output signal PCIDTA = 1) before 

applying the spindle phase synchronous control signal (SPPHS). 

If the one-rotation signal is not detected, specify a speed of several ten 

min” or higher in spindle synchronous control mode, and wait until 

the one-rotation signal is detected. (See sequence example (4).) 
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161 30 
4032 4032 


Unit of data : 
Valid data range : 
Standard setting : 


161 301 
4033 4033 


Unit of data : 
Valid data range : 
Standard setting : 


16i 30: 
4034 4034 


Unit of data : 
Valid data range : 
Standard setting : 


161 301 
4035 4035 


Unit of data : 
Valid data range : 
Standard setting : 


Acceleration at spindle synchronous control 


Imin’'/sec 

0 to 32767 

0 

This parameter sets an _ acceleration value for linear 
acceleration/deceleration when the synchronous speed command for 
spindle synchronous control is changed. 


NOTE 
1 Set exactly the same data for 1st spindle and 2nd 
spindle. When different data is set, synchronization 


between the two spindles is not guaranteed. 

When this parameter is set to 0, the spindle doesn’t 
accelerate or decelerate, so, be sure to set proper 
value in this parameter. 





Spindle synchronous speed arrival level 


Imin" 

0 to 32767 

10 

For the synchronous speed command at spindle synchronous control, 
if the error of the respective spindle motor speeds are within the 
setting level, the spindle synchronous control complete signal 
(FSPSY) becomes "1". 


Shift amount at spindle phase synchronous control 


1 pulse unit (360°/4096) 

0 to 4095 

0 

Sets the shift amount from the reference point at spindle phase 
synchronous control (one-rotation signal). 


Spindle phase synchronous compensation data 


1 pulse/2msec 

0 to 4095 

10 

This parameter reduces speed fluctuations when aligning phase of 
spindles in spindle phase synchronous control. 

When this parameter is "0", since the phase alignment amount is only 
issued once, the position error quickly becomes large, and there are 
large speed changes on phase alignment. 

It is possible to perform smooth phase alignments through issuing 
separate commands for phase alignment amounts for the number of 2 
msec pulses set in this parameter. 
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161 301 


4044 4044 


4045 4045 


Unit of data : 
Valid data range : 
Standard setting : 


161 301 


4052 4052 


4053 4053 


Unit of data : 
Valid data range : 


Standard setting : 


16i 30: 
4056 4056 
4057 4057 
4058 4058 
4059 4059 
Unit of data : 
Valid data range : 


Standard setting : 


Velocity loop proportional gain on servo mode/on spindle synchronous control 
(HIGH) CTH1A=0 


Velocity loop proportional gain on servo mode/on spindle synchronous control 





(LOW) CTH1A=1 


0 to 32767 

Varies with the motor model. 

This parameter sets a velocity loop proportional gain on servo mode 
(rigid tapping/spindle positioning) or spindle synchronous control. 

It is selected HIGH when CTH1A=0 of input signal, and It is selected 
LOW when CTH1A=!1 of input signal. 


Velocity integral gain on servo mode/on spindle synchronous control (HIGH) 
CTH1A=0 
1 





Velocity integral gain on servo mode/on spindle synchronous control (LOW) 
CTH1A= 


0 to 32767 

Depend on motor model. 

This parameter sets a velocity loop integral gain on servo mode (rigid 
tapping/spindle positioning) or spindle synchronous control. 

It is selected HIGH when CTH1A=0 of input signal, and It is selected 
LOW when CTH1A=! of input signal. 


NOTE 
For velocity loop gain setting on spindle synchronous 
control and servo mode, the common parameters 
are used. 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 
Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 


Gear ratio (LOW) CTH1A=1, CTH2A=1 





(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These parameters set the gear ratio of the spindle motor to the spindle. 
When the motor rotates 2.5 times for each turn of the spindle, for 
example, set 250 in the parameter. 
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NOTE 

1 A parameter is selected by the input signals CTH1A 
and CTH2A. Ensure that the gear or clutch state 
corresponds to the input signals CTH1A and 
CTH2A. When the signals are not input correctly, the 
overcurrent alarm (spindle alarm 12) can be issued. 


When using a position coder, be sure to set this 
parameter. If this parameter is not set correctly, the 
velocity error excess alarm (spindle alarm 02), motor 
binding alarm (spindle alarm 31), or gear ratio 
parameter setting error alarm (spindle alarm 35) 
may be detected. 








16i 30: 
Position gain on servo mode/on spindle synchronous control (HIGH) 
4065 4065 
CTH1A=0, CTH2A=0 
Position gain on servo mode/on spindle synchronous control (MEDIUM HIGH) 
4066 4066 
CTH1A=0, CTH2A=1 
Position gain on servo mode/on spindle synchronous control (MEDIUM LOW) 
4067 4067 
CTH1A=1, CTH2A=0 
Position gain on servo mode/on spindle synchronous control (LOW) 
4068 4068 


CTH1A=1, CTH2A=1 


Unit of data: — 0.01sec” 
Valid data range: 0 to 32767 
Standard setting: 1000 
This sets position gain on servo mode (rigid tapping/spindle 
positioning). It is selected by CTHIA or CTH2A of input signal. 


NOTE 
For velocity loop gain setting on spindle synchronous 


control and servo mode, the common parameters 
are used. 





161 301 


4085 4085 Motor voltage setting on spindle synchronous control 


Unit of data: 1% 
Valid data range: 0 to 100 
Standard setting: 60 
Set a motor voltage for spindle synchronous control. 
Usually, set to 60. 


“ATS 
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161 301 
4336 4336 


Unit of data 
Valid data range : 
Standard setting : 


167 30: 


4340 4340 


Unit of data : 
Valid data range : 
Standard setting : 


Acceleration switch point on spindle synchronous control 


min" 
0 to 32767 
0 
This parameter sets a switching speed for acceleration on spindle 
synchronous control. 
e Area above the set speed 
Linear acceleration/deceleration is performed according to the 
acceleration value set in the acceleration parameter (No. 4032) 
on spindle synchronous control. 
e Area below the set speed 
Acceleration changes according to the torque characteristics of 
the spindle motor. 


NOTE 
1 Set the same data for the first spindle and second 
spindle. If different data is set, synchronization 


between the two spindles is not guaranteed. 
2 When this parameter is set to 0, linear 
acceleration/deceleration is performed. 





Bell-shaped acceleration/deceleration time constant for spindle synchronous 
control 


lmsec 

0 to 512 

0 

Set a bell-shaped acceleration/deceleration time constant used when 
the specified synchronous speed for spindle synchronous control is 
changed. 

This parameter is applied to a move command after the 
acceleration/deceleration time constant at spindle synchronous control 
set in parameter No. 4032 is applied. Consequently, linear 
acceleration/deceleration is performed according to the time constant 
set in this parameter when 0 is set in parameter No. 4032. 

When this parameter is set, the spindle synchronous speed control 
completion signal (FSPSY), output when the synchronous speed is 
first reached after the spindle synchronous control mode is entered, is 
delayed by the set time. 


NOTE 
Set the same data for the first spindle and second 


spindle. If different data is set, synchronization 
between the two spindles is not guaranteed. 
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2.4.9 Number of Error Pulses in Spindle Synchronous Control 


For this subsection, see Subsection 2.5.9, "Number of Error Pulses in 
Spindle synchronous Control", in Part I. 


2.4.10 Specifying a Shift Amount for Spindle Phase Synchronous 
Control 


For this subsection, see Subsection 2.5.10, "Specifying a Shift 
Amount for Spindle Phase Synchronous Control", in Part I. 


2.4.11 Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 2.5.11, "Diagnosis (Diagnosis 
Screen)", in Part I. 


2.4.12 Alarm 


For this subsection, see Subsection 2.5.12, "Alarm", in Part I. 


- 475 - 


2.EXPLANATION OF OPERATION MODES FANUC AC SPINDLE MOTOR aCi series B-65280EN/06 


2:5 SPECIFICATIONS COMMON TO ALL OPERATION MODES 


2.5.1 Overview 


This section describes the I/O signals (CNC < PMC), parameters, 
diagnosis signals, and alarms common to all operation modes. 


2.5.2 List of I/O Signals (CNC <> PMC) 


This subsection provides a list of the I/O signals related to spindle 
speed control only. For details of each signal, refer to the Connection 
Manual (Function) of each CNC. 
(a) For Series 161/181/211 
“FANUC Series 161/18i/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(b) For Series 3037/3 11/321 
“FANUC Series 30i/311/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
(c) For Series 151 
“FANUC Series 15i7-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(d) For Series 07 
“FANUC Series 0i- MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63833EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 


For details of the I/O signals common to the CNCs, see Chapter 3, 
"I/O SIGNALS (CNC © PMC)", in Part I. 


(1) Input signals (PMC —+ CNC) 
(a) Series 16: 





#7 #6 #5 #4 #3 #2 #1 #0 


1st cosz_ |_rosi_| Rov | Roe | Rosi_| Ros | Rosi | Roa | Row | 
2nd Goss | Rosiz | Roviz | Rosiz | Rosiz | Roaiz } Rosiz | Rozz | Rot2 | 
1st coss [sino [ ssw [ sow | [ria | rin | rior | root | 
2nd cosas [sino2 | ssw2 | senz | | ria | rine | to | rove | 
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(b) Series 30: 


Common to all axes 


Common to all axes 

Common to all axes 

Common to all axes 
1st- 


1st- 
2nd- 


(c) Series 15: 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


(d) Common to CNCs 


151 161 
1st- G227 G070 
2nd- G235 G074 
1st- G226 G071 
2nd- G234 G075 
1st- G228 G073 
2nd- G236 G077 


G027 


G028 
G029 
G030 


G032 
G034 


G033 
G035 


G005 


G024 
G232 


G025 
G233 


G026 
G272 


NOTE 
*1 These signals are valid in multi-spindle control. 
#7 #6 #5 #4 #3 #2 #1 #0 
*SSTP2 | *SSTP1 SWS2 Sws1 
(*1) (*1) (*1) (*1) 


[ssp [sorftoe] | | | 





[oat [non [ros | rosi | ou [ moa [ roa | row | 
Proeiz | nore | rosa | rose | roan | ose | roam | ror | 


Tawa] mea | Rea | Rua [ Roa] Raa | Rina | Ron | 
Pave | mee | mee | rus | ros | ae | ane | roe | 


riscnal | | ertiza | ritta | ritoa | risa | risa | 
isons] | [rae | rie | ros | re | ries | 





Sagi 
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NOTE 
*1 The signal functions of the aCi series differ from 


those of the ai series. For details, see Chapter 3, 
"10 SIGNALS (CNC <> PMC)", in Part Ill. 





(2) Output signals (CNC — PMC) 


(a) Series 16: 


(b) Series 30: 


F001 
F007 
FOQ22 
F023 
F024 
F025 
F034 


F036 
F037 


F001 
FOO7 
FQ22 
F023 
F024 
F025 
F034 


F036 
F037 






ser_| soo | sae | see | sor | sos | cos | sxe | 
GR10 
ee 
[raao | nore | rose | nos | 00 | roo | noo | roto | 
prize Prero | et00 | 080 | 





sei [seo | soo | sos | sor | sos | os | sx 
ee ee 
Taso | wove | rose | nose | noao | m0 | oxo | Ro1o 
TPL | _[rizo [rio [ too | r000 


NOTE 
1* These signals are valid with the M series only. 
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(c) Series 15: 


Common to all axes F008 
Common to all axes F020 
Common to all axes F021 
Common to all axes F022 


Common to all axes F023 


Common toatlaxes Fo4s | | [srsroy] | | TT 


1st- F341 








2nd- F342 





(d) Common to CNCs 
15 16i 30i #7 #6 #5 #4 


#3 #0 
1st F229. »«-F045.—Ss F045 LDT2A | LDT1A | SARA | 


1st- F231 F047 F047 
2nd- F247 F051 F051 


#2 
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2.5.3 Parameters 


This subsection describes those parameters that are common to all 
operation modes by dividing them into several types. 


NOTE 
For the detector-related parameters, see Section 


1.3, "PARAMETERS RELATED TO DETECTORS", 
in Part Ill. 





(1) List of parameters specific to spindle motor driving 
This item provides a list of the motor parameters specific to spindle 
motor driving. Usually, the settings of these parameters need not be 
changed. Use the values indicated on a parameter table for each motor 
model without modification. 
Parameter No. 
16i 
3011#3 4011#3 4011#3 Sets the number of motor polarities. 
3011#4 401144 4011#4 Sets a maximum output for acceleration/deceleration. 
3011#7 4011#7 4011#7 Sets the number of motor polarities. 
3012#2, #1 ,#0| 4012#2,41 #0 | 4012#2,#1,#0|Sets a PWM carrier frequency. 
3013#6 to #2 | 4013#6 to #2 | 4013#6 to #2 |Sets current dead-band data. 
3020 4020 4020 Maximum motor speed 
3080 4080 4080 High-speed area regenerative power limit/regenerative power limit 
3083 4083 4083 Motor voltage on velocity control motor 
3100 4100 4100 Base speed for motor output specification 
3101 4101 4101 Torque limitation value for motor output specification 
3102 4102 4102 Excitation voltage saturation speed with no load 
3103 4103 4103 Base speed limit ratio 
3104 4104 4104 Current loop proportional gain 
3105 4105 4105 Current loop integral gain 
3106 4106 4106 D-axis current loop gain 
3107 4107 4107 Q-axis current loop gain 
3108 4108 4108 Q-axis current deviation limitation coefficient 
3109 4109 4109 Filter time constant in voltage command saturation processing 
3110 4110 4110 Current conversion constant 
3111 4111 4111 Secondary current coefficient 
3112 4112 4112 Voltage command saturation decision level/PWM command clamp value 
3113 4113 4113 Slip constant 
3115 4115 4115 PWM command clamp value at deceleration time 
3116 4116 4116 Motor leakage constraint 
Voltage compensation coefficient for a high-speed area in steady 
state/motor voltage coefficient in steady state 
Voltage compensation coefficient for a high-speed area at deceleration 
time/motor voltage coefficient at deceleration time 
Time constant for excitation current change at deceleration time/time 
constant for excitation current change 
3120 4120 4120 Dead-band compensation data 
3127 4127 4127 Load meter indication value at maximum output time 
Compensation coefficient between the specification and true 
base/maximum torque curve compensation coefficient 





Description 










































































3117 4117 4117 





3118 4118 4118 





3119 4119 4119 











3128 4128 4128 
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Parameter No. 
16: 





Description 


Current loop proportional gain velocity coefficient/current phase delay 


compensation constant 

Dead-band compensation hysteresis 
Motor model code 

Motor overheat level (2 words) 























(2) List of parameters related to alarm detection 
This item provides a list of the parameters related to alarm detection 
conditions. 
Parameter No. 
16: 





Description 


Motor power turn-off method when spindle alarm 24 (serial data transfer 
error) is issued 

3086 4086 4086 Gear ratio parameter setting error alarm (spindle alarm 35) detection level 
3088 4088 4088 Velocity error excess detection level when the motor is bound 

3089 4089 4089 Velocity error excess detection level when the motor is rotating 

3090 4090 4090 Overload detection level 

3123 4123 4123 Short-time overload detection period 


3009#2 4009#2 4009#2 





























(3) Other parameters 
This item provides a list of the parameters common to all operation 
modes except the parameters listed in Items (1) and (2) above. 
Parameter No. 
16i 
— 3706#1 #0 Gear ratio between the spindle and position coder (cases of x1, x2, x4, x8) 
5602#3 — Whether to indicate an alarm detected by the spindle amplifier (Usually, set 0.) 
5807#0 — Enables/disables the spindle alarms (SPxxxx) of all spindles. (Usually, set 0.) 
5842 — 3720 Number of position coder pulses 
5850 — — Spindle number selected at power-on/reset time 
3001#0 4001#0 4001#0 [Whether to use the MRDY signal (machine ready signal) 
3002#4 4002#4 4002#4 |SM pin output data selection 
3005#0 4005#0 4005#0 [Setting of the velocity feedback method 
3006#1 4006#1 4006#1 |Gear ratio increment system 
3006#2 4006#2 4006#2 {Sets the unit of speed. 
Whether to output the load detection signal (_DT1A) during 
acceleration/deceleration 
3019#7 4019#7 4019#7 [Automatic parameter setting function 
3020 4020 4020 Maximum motor speed 
3022 4022 4022 Speed arrival detection signal 
3023 4023 4023 Speed detection level 
3024 4024 4024 Speed zero detection level 
3025 4025 4025 Torque limitation value. 
3026 4026 4026 Load detection level 1 
3056 4056 4056 Gear ratio (High) 
3057 4057 4057 Gear ratio (Medium High) 
3058 4058 4058 Gear ratio (Medium Low) 
3059 4059 4059 Gear ratio (Low) 
3078 4078 4078 Gear switch timer 
3095 4095 4095 Speedometer output voltage adjustment value 
3121 4121 4121 Torque change time constant (torque command filter time constant) 





Description 
































3009#4 4009#4 4009#4 
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2.5.4 Details of parameters 


This subsection details the serial spindle parameters (in the four 
thousands for 167, in the four thousands for 301, and in the three 
thousands for 157) among the parameters common to all operation 
modes. For details of other parameters, refer to the parameter manual 
of each CNC. 


(1) List of parameters specific to spindle motor driving 


Usually, the settings of the motor parameters specific to spindle motor 
driving need not be changed. Their details are omitted. 


(2) List of parameters related to alarm detection 


151 167 30: 
3009 4009 4009 


ALSP 


157 167 301 
3086 4086 4086 


Unit of data : 
Valid data range : 
Standard setting value : 


This item details the parameters related to alarm detection conditions. 


#7 #6 #5 #4 #3 #2 #1 #0 
PT sh PO 
Motor power turn-off method when serial data transfer error (spindle 
alarm 24) is issued 

0: Turns off the power after the motor is decelerated and stopped. 

1: Turns off the power to the motor immediately. 


Set this parameter to | to turn off the power to the motor immediately 
when any spindle alarm is issued 


Gear ratio parameter setting error alarm (spindle alarm 35) detection level 


min’ 

0 to 32767 

0 (equivalent to 500 min’) 

This parameter sets the detection level of the gear ratio parameter 
setting error alarm (spindle alarm 35). 

When the difference between the motor speed calculated from the 
position coder feedback and gear ratio parameters (No. 4056 to No. 
4059) and the estimated motor speed calculated with control software 
becomes equal to or greater than the setting, the gear ratio parameter 
setting error alarm (spindle alarm 35) is issued. 

When the standard setting (0) is used, the setting of 500 min" is 
assumed. 
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157 167 30: 
3088 4088 4088 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3089 4089 4089 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3090 4090 4090 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3123 4123 4123 


Unit of data : 
Valid data range : 
Standard setting value : 


B-65280EN/06 FANUC AC SPINDLE MOTOR aCi series 2.EXPLANATION OF OPERATION MODES 


Velocity error excess detection level when the motor is bound 


75 

This parameter sets a velocity error excess (spindle alarm 31) 
detection level when the motor is bound. 

If a velocity error equal to or greater than [maximum motor speed (No. 
4020) x setting data (%)] occurs when the motor is bound, for example, 
the motor binding alarm (spindle alarm 31) is issued. 


Velocity error excess detection level when the motor is rotating 


0.1% 

0 to 1000 

200 

This parameter sets a velocity error excess detection level when the 
motor is rotating. 

If a velocity error equal to or greater than [maximum motor speed (No. 
4020) x setting data (%)] occurs, the velocity error excess alarm 
(spindle alarm 02) is issued. 


Overload detection level 


1% 

0 to 100 

90 

This parameter sets a condition for detecting the short-time overload 
alarm (spindle alarm 29). 

If the state where a load equal to or greater than setting data (%) 
(maximum motor output = 100%) is imposed on the spindle motor 
lasts for a specified period (set in No. 4123) or more, the short-time 
overload alarm (spindle alarm 29) is issued. 


Short-time overload detection period 


lsec 

0 to 500 

30 

This parameter sets the timing for detecting the short-time overload 
alarm (spindle alarm 29). 

If the state where a load equal to or greater than the specified value 
(set in parameter No. 4090) is imposed on the spindle motor lasts for 
at least the period specified in this parameter, the short-time overload 
alarm (spindle alarm 29) is issued. 
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(3) Other parameters 


151 
3001 


151 
3002 


157 
3005 


167 30: 
4001 4001 


MRDY1 


167 30: 
4002 4002 


SMORLM 


167 30 
4005 4005 


VCTLPC 


This item details the parameters common to all operation modes 
except the parameters listed in Items (1) and (2) above. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee eee 
Whether to use the MRDYA signal (machine ready signal) 


0: Does not uses the MRDYA signal (MRDYA = | at all times). 
1: Uses the MRDYA signal. 


#7 #6 #5 #4 #3 #2 #1 #0 
| LT swore] | | 
SM pin output data selection 


0: Speedometer data 
1: Load meter data 


#7 #6 #5 #4 #3 #2 #1 #0 
al = Se PE era 


Sets the velocity feedback method. 

0: Exercises velocity control with an estimated velocity only. 

1: Uses a velocity calculated from the position coder signal to 
exercise velocity control. 

The feedback signal from a position coder attached to a spindle on a 

1:1 basis is converted to motor speed data for velocity control. Set this 

bit to 1 when performing orientation, rigid tapping, or spindle 

synchronous control. 

By setting this bit to 1 even in ordinary velocity control, the response 

characteristics and stability of velocity control can be improved. 


NOTE 

1 The feature may not be fully utilized, depending on 
the connection ratio between the spindle and spindle 
motor or between the spindle and position coder, the 
rigidity of the connection, the precision of position 


coder attachment, and so forth. 

When this bit is set to 1 with a spindle that has a 
gear switch mechanism, the torque limitation 
command signal (TLMLA) must be input at the start 
of gear switching. For details, see Chapter 3, "I/O 
SIGNALS (CNC <> PMC)", in Part Ill. 
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15i 
3006 


151 
3009 


151 
3019 


161 30: 
4006 4006 
GRUNIT 
SPDUNT 
161 30: 
4009 4009 
LDTOUT 
161 30: 
4019 4019 
SSTTRQ 


#7 


#6 #5 #4 #3 #2 #1 #0 
a ee 


Sets a gear ratio setting resolution: 

0: 1/100 unit 

1: 1/1000 unit 

Select a gear ratio data setting resolution from the following: 

(a) Resolution based on motor speed increased by a factor of 100 
relative to one spindle rotation 

(b) Resolution based on motor speed increased by a factor of 1000 
relative to one spindle rotation 

Depending on the setting of this parameter, the increment system of 

the parameters indicated in the table below changes. 


| Parameter No. ers 
Description 


153 16i 30i 
3056 to 3059 | 4056 to 4059 |4056 to 4059 Spindle-to-motor gear ratio data 


NOTE 
Usually, use the 1/100 unit (setting "0"). 





Sets the unit of speed. 
Set to 0. 


#7 #6 #5 #4 #3 #2 #1 #0 


| | furor} | | 


Whether to output the load detection signal (LDTIA) during 
acceleration/deceleration 

Does not output the load detection signals during acceleration/ 
deceleration (standard setting value). 

Outputs the load detection signals during acceleration/ 
deceleration (at all times) when the parameter-set level is 
exceeded. 


oO 


— 


#7 #6 #5 #4 #3 #2 #1 #0 
prcoan] | | | stra] | 
Whether to perform torque clamping when the speed is zero 


0: Performs clamping. 
1: Does not perform clamping. 


NOTE 


Usually, set this parameter to 1 not to perform 
clamping. 
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PRLOAD 


157 167 301 
3020 4020 4020 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3022 4022 4022 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3023 4023 4023 


Unit of data : 
Valid data range : 
Standard setting value : 


2.EXPLANATION OF OPERATION MODES FANUC AC SPINDLE MOTOR aCi series B-65280EN/06 


Automatic parameter setting function 

0: Does not perform automatic parameter setting (standard setting 
value). 

1: Performs automatic parameter setting. 

After setting a desired motor model code in parameter No. 4133 and 

setting this bit to 1, turn off the power to the CNC, then turn on the 

power to the CNC again. The parameters (No. 4000 to No. 4175) for 

the aCi series spindle corresponding to the model code are 

automatically initialized. Upon completion of automatic setting, this 

bit is automatically set to 0. 


NOTE 
With FS157, the parameter address of this function is 
different, namely, bit O of No. 5607 is used. 
Moreover, note that the meanings of settings are 


reversed as follows. 

0: Performs automatic parameter setting. 

1: Does not perform automatic parameter setting. 
In this case, set a model code in parameter No. 
3133. 





Maximum motor speed 


Imin" 

0 to 32767 

Depends on the motor model. 

This parameter sets a maximum spindle motor speed. 


Speed arrival detection signal 


0.1% 

0 to 1000 

150 

This parameter sets a speed arrival signal (SARA) detection range. 
When the motor speed (estimated value) reaches within +(setting 
data/10)% of a specified speed, the speed arrival signal (SARA) is set 
to 1. 


Speed detection level 


0.1% 

0 to 1000 

30 

This parameter sets a speed detection signal (SDTA) detection range. 
When the motor speed (estimated value) is (setting data/10)% of a 
maximum speed or less, the speed detection signal (SDTA) is set to 1. 
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157 167 301 
3024 4024 4024 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3025 4025 4025 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3026 4026 4026 


Unit of data : 
Valid data range : 
Standard setting value : 


B-65280EN/06 FANUC AC SPINDLE MOTOR aCi series 2.EXPLANATION OF OPERATION MODES 


Speed zero detection level 


0.01% 

0 to 10000 

75 

This parameter sets a speed zero detection signal (SSTA) detection 
range. 

When the motor speed (estimated value) is (setting data/100)% of a 
maximum speed or less, the speed zero detection signal (SSTA) is set 
to 1. 


Torque limitation value. 


1% 

0 to 100 

50 

This parameter sets a torque limitation value to be applied when the 
torque limitation command HIGH (TLMHA) is specified. 

The data indicates limitation values when the maximum torque is 
100%. 


Torque limitation command HescAbtion 
HIGH (TLMHA) P 


No torque limitation is imposed. 
The torque is limited to the value set in this 
parameter. 








Load detection level 1 


1% 

0 to 100 

83 

This parameter sets a load detection signal 1 (LDT1A) detection 
range. 

When the output of the spindle motor is (setting data)% of the 
maximum output or more, load detection signal 1 (LDT1A) is set to 1. 
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157 167 301 


3056 4056 4056 Gear ratio (HIGH) CTH1A=0, CTH2A=0 
3057 4057 4057 Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 
3058 4058 4058 Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
3059 4059 4059 Gear ratio (LOW) CTH1A=1, CTH2A=1 


Unit of data: (Motor rotation for one rotation of spindle) / 100 
(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
Valid data range: 0 to 32767 
Standard setting value: 100 

These data are used to set the gear ratio between spindle and spindle 

motor. 

Example : 
When the spindle rotates once, set "250" as the data when the 
motor rotates 2.5 times. 


NOTE 

1 A parameter is selected by the input signals CTH1A 
and CTH2A. Ensure that the gear or clutch state 
corresponds to the input signals CTH1A and 
CTH2A. When the signals are not input correctly, the 
overcurrent alarm (spindle alarm 12) can be issued. 
When using a position coder, be sure to set this 
parameter. If this parameter is not set correctly, the 
velocity error excess alarm (spindle alarm 02), motor 
binding alarm (spindle alarm 31), or gear ratio 
parameter setting error alarm (spindle alarm 35) 
may be detected. 
When an improper value is set in this parameter, an 
unexpected operation can occur. For example, the 
spindle can continue rotating without stopping at the 
time of orientation. So, be sure to set a proper gear 
ratio. 





157 167 301 


3078 4078 4078 Gear switch timer 


Unit of data: —Isec 
Valid data range: 0 to 500 

Standard setting value: 0 
For a spindle that has a gear switch mechanism, this parameter sets a 
period of time from the start of a gear switch sequence (input of the 
TLML signal) until the gear shifter is actually started. For details, see 
Chapter 3, "I/O SIGNALS (CNC @ PMC)", in Part HI. 
For a spindle that has no gear switch mechanism, set this parameter to 
0. 
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157 167 301 


3095 4095 4095 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3121. 4121 4121 


Unit of data : 
Valid data range : 
Standard setting value : 


2.5.5 


Speedometer output voltage adjustment value 


0.1% 
-1000 to +100(-100% to +10%) 


oO 


Set this parameter when making a fine adjustment of speedometer 
terminal output voltage. 
Positive (+) data increases the output voltage. 


NOTE 
Usually, this parameter need not be adjusted. 


Torque command filter time constant 


0.5msec 
0 to 32767 


Nn 


Basically, use the standard setting value 5 (time constant of 2.5 ms). 


Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 2.6.5, "Diagnosis (Diagnosis 
Screen)", in Part I. 
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This chapter explains the functions of the signals directly input from 
the PMC to SPMC via the CNC and the signals directly output from 
the SPMC to PMC. For other spindle-related I/O signals, refer to the 


lO SIGNALS (CNC ~ PMC) 


Connection Manual (Function) of the relevant CNC. 


(a) 


(b) 


(c) 


(d) 


For Series 167/187/211 

“FANUC Series 167/18i/21i1-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Chapter 9 “SPINDLE SPEED FUNCTION.” 

For Series 3031/3 11/321 

“FANUC Series 307/311/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.3 “SPINDLE SPEED CONTROL.” 
For Series 151 

“FANUC Series 157-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.7 “SPINDLE SPEED FUNCTION.” 
For Series 07 

“FANUC Series 0i7-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63833EN-1 
Refer to Chapter 9 “SPINDLE SPEED FUNCTION.” 
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3.1 INPUT SIGNALS (PMC->CNC-»SPMC) 


This section explains the functions of the signals directly input from 
the PMC to SPMC via the CNC. For other spindle-related input 
signals, refer to the Connection Manual (Function) of the relevant 
CNC. 
(a) For Series 161/181/211 

“FANUC Series 167/187/217-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Chapter 9 “SPINDLE SPEED FUNCTION.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3021/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Chapter 11 “SPINDLE SPEED FUNCTION.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.7 “SPINDLE SPEED FUNCTION.” 
(d) For Series 07 

“FANUC Series 0i7-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63833EN-1 

Refer to Chapter 9 “SPINDLE SPEED FUNCTION.” 


3.1.1 List of Input Signals 
















15i 16i 30: #7 #6 #5 #4 #3 #2 #1 #0 
1st- G226 G071 G071 
2nd- G234 G075 G075 
1st- G228 G073 G073 
2nd- G236 G077 G077 
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3.1.2 Explanation of Input Signals 


For information about the signals listed in Subsection 3.1.1, "List of 
Input Signals", in Part II, see Subsection 3.1.2, "Explanation of Input 
Signals", in Part I. 

Those signals that are not listed in Subsection 3.1.1, "List of Input 
Signals", in Part III are not used with the «Ci series spindle. 

This subsection describes only those signals that have different 
specifications for use with the «Ci spindle. 


Symbol_| Name | scription 


Torque limitation |Switches to a speed control method that uses speed estimation during gear switching. 


command LOW 0: - 
1: Performs speed control using only speed estimation. (However, there is the delay 
set by the gear switching timer [No.4078].) 
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3.1.3 Details of Input Signals 


For information about the signals listed in Subsection 3.1.1, "List of 
Input Signals", in Part HI, see Subsection 3.1.3, "Details of input 
signals", in Part I. 

Those signals that are not listed in Subsection 3.1.1, "List of Input 
Signals", in Part III are not used with the «Ci series spindle. 

This subsection describes only those signals that have different 
specifications for use with the «Ci spindle. 


(a) Torque limitation command signals (TLMLA) 


Torque limitation command signals 


(TLMLA) 


Control by the motor speed 
calculated from the position 


coder signal 


If gear switching is performed with the setting (No.4005#0="1") that 
uses motor speed calculated from the position coder signal to perform 
speed control, the state of machine gear may not match the state of the 
gear ratio parameter. This can cause an alarm to occur due to speed 
control using incorrect speed data. Therefore, switch to a control 
method that uses the speed estimation during gear switching by 
inputting the torque limitation command signal (TLMLA) upon start 
of gear switching so that gear switching is performed smoothly. In 
addition, set the time from when a gear switching sequence starts to 
when the gear shifter actually operates for parameter No.4078 (gear 
switching timer). (See below.) 


Gear switching timer operating 








Control by speed 
estimation 


Control by the motor speed 
calculated from the position 
coder signal 


(Example of a recommended sequence) 


Torque limitation 
command (TLMLA) 


Software internal timer 


Gear shifter 


Gear state 


Clutch/gear signals 
(CTH1A,CTH2A) 


LOW 


HIGH 
LOW 


HIGH 


0 


———= 
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3.2 OUTPUT SIGNALS (SPMC->CNC->PMC) 


This section explains the functions of the signals directly output from 
the SPMC to PMC via the CNC. For other spindle-related output 
signals, refer to the Connection Manual (Function) of the relevant 
CNC. 
(a) For Series 161/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Chapter 9 “SPINDLE SPEED FUNCTION.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3071/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Section 11.3 “SPINDLE SPEED CONTROL.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.7 “SPINDLE SPEED FUNCTION.” 
(d) For Series 07 

“FANUC Series 0i- MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63833EN-1 

Refer to Chapter 9 “SPINDLE SPEED FUNCTION.” 


3.2.1 List of Output Signals 


151 16i 30: #7 #6 #5 #4 


#3 #2 #1 #0 
1st- F229 F045 F045 ORARA | TLMA LDT1A | SARA | SDTA | SSTA | ALMA 













E 





3.2.2 Explanation of Output Signals 


For information about the signals listed in Subsection 3.2.1, "List of 
Output Signals", in Part III, see Subsection 3.2.2, "Explanation of 
Output Signals", in Part I. 

Those signals that are not listed in Subsection 3.2.1, "List of Output 
Signals", in Part II are not used with the «Ci series spindle. 


3.2.3 Details of Output Signals 


For information about the signals listed in Subsection 3.2.1, "List of 
Output Signals", in Part III, see Subsection 3.2.3, "Details of Output 
Signals", in Part I. 

Those signals that are not listed in Subsection 3.2.1, "List of Output 
Signals", in Part II are not used with the «Ci series spindle. 
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4. ADJUSTMENT 


4.1 
4.1.1 


4.1.2 


FANUC AC SPINDLE MOTOR ai series 


B-65280EN/06 


VELOCITY LOOP GAIN ADJUSTMENT 


Overview 


Parameters 


(1) Velocity control mode 


157 167 301 
3040 4040 4040 
3041 4041 4041 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3047 4047 4047 
3048 4048 4048 


Unit of data : 
Valid data range : 
Standard setting value : 


Optimum adjustment of the velocity loop gain increases the position 
loop gain, therefore significantly enhancing disturbance suppression 
performance, positioning speed and accuracy. So, the adjustment of 
the velocity loop gain is very important in servo adjustments, and it 
should be performed first. This section explains the parameters for 
velocity loop gain adjustment and the adjustment procedure. 

To check the waveform of a torque command, position error, or so on, 
use the spindle check board and an oscilloscope, or the servo guide 
(see Appendix F). 


There are four operation modes in spindle control: velocity control 
mode, orientation, servo mode (rigid tapping and spindle positioning), 
and spindle synchronous control. There are parameters corresponding 
to each operation mode and to the clutch/gear signals (CTHIA and 
CTH2A). The following shows the parameters for each operation 
mode. 


Velocity loop proportional gain on velocity control mode (HIGH) CTH1A=0 


Velocity loop proportional gain on velocity control mode (LOW) CTH1A=1 





0 to 32767 
Depends on the motor model. 


Velocity loop integral gain on velocity control mode (HIGH) CTH1A=0 





Velocity loop integral gain on velocity control mode (LOW) CTH1A=1 


0 to 32767 
Depends on the motor model. 
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(2) Orientation 


157 167 301 
3042 4042 4042 
3043. 4043 4043 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3050 4050 4050 
3051 4051 4051 


Unit of data : 
Valid data range : 
Standard setting value : 


(3) Servo mode (Rigid tapping and spindle positioning) 


151 161 30: 
3044 4044 4044 
3045 4045 4045 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3052 4052 4052 
3053 4053 4053 


Unit of data : 
Valid data range : 
Standard setting value : 


4. ADJUSTMENT 


Velocity loop proportional gain on orientation (HIGH) CTH1A=0 
1 





Velocity loop proportional gain on orientation (LOW) CTH1A= 


0 to 32767 
Depends on the motor model. 


Velocity loop integral gain on orientation (HIGH) CTH1A=0 


Velocity loop integral gain on orientation (LOW) CTH1A=1 





0 to 32767 
Depends on the motor model. 


Velocity loop proportional gain on servo mode (HIGH) CTH1A=0 





Velocity loop proportional gain on servo mode (LOW) CTH1A=1 


0 to 32767 
Depends on the motor model. 


Velocity loop integral gain on servo mode (HIGH) 


Velocity loop integral gain on servo mode (LOW) 


0 to 32767 
Depends on the motor model. 
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CTH1A=0 
CTH1A=1 
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(4) Spindle synchronous control 


157 167 301 


7 4044 4044 Velocity loop proportional gain on spindle synchronous control (HIGH)CTH1A=0 
2 4045 4045 Velocity loop proportional gain on spindle synchronous control (LOW) CTH1A=1 


Unit of data : 
Valid data range: 0 to 32767 
Standard setting value: | Depends on the motor model. 





157 167 301 


2 4052 4052 Velocity loop integral gain on spindle synchronous control (HIGH) | CTH1A=0 
7 4053 4053 Velocity loop integral gain on spindle synchronous control (LOW) CTH1A=1 


Unit of data : 
Valid data range: 0 to 32767 
Standard setting value: | Depends on the motor model. 





NOTE 
For the velocity loop gain on spindle synchronous 


control and on the servo mode, common parameters 
are used. 
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4.1.3 Adjustment Procedure 


(1) Start of each operation mode 

In preparation for the adjustment, settings must be made so that a 
stable operation takes place in each mode without overshoot or 
oscillation. 

See Chapter 2, "EXPLANATION OF OPERATION MODES", 
temporarily set parameters (acceleration/deceleration time constant, 
position gain, and so on) to make operations stable in each operation 
mode, and confirm operations. 


NOTE 
When the rigidity of the spindle is low, the standard 


setting of the velocity loop gain may be so high that 
oscillation can occur. In such a case, decrease the 
velocity loop gain. 





(2) Adjustment 
When adjusting the velocity loop gain, check the operation mode and 
clutch/gear signal, and modify corresponding parameters. Follow the 
steps below to adjust the parameters: 


<1> Determining the oscillation limit 
Basically, determine the oscillation limit based on torque 
commands, position errors, vibration, sound, and so on when the 
motor is stopped (for orientation, after completion of the 
operation) or when the motor rotates at a certain speed not higher 
than the base speed. Usually, increase the settings of the 
proportional gain and integral gain in steps of about 10. As the 
settings are increased gradually, the symptoms below start to 
appear at a certain setting level. The settings at this level are 
determined to be the oscillation limit: 
e The machine vibrates or produces large sound. 
e —_- Vibration of a torque command becomes large. 
e _ Position errors at stop time vary largely. 


NOTE 
The oscillation limit varies with the spindle inertia. In 
a machine in which the inertia varies largely 


according to the tool and workpiece used, 
adjustment must be made in the smallest inertia 
state. 





<2> Final settings 
Set proportional gain of approximately 70% of the oscillation 
limit. Make an adjustment to set an integral gain that is about 
four to ten times greater than the proportional gain. 
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4.1.4 Additional Information (Position Gain Adjustment) 


Although the limit value of the position gain is determined basically 
depending on the velocity loop characteristics, the setting standards 
may vary depending on the operation mode. See Chapter 2, 
"EXPLANATION OF OPERATION MODES", and make 
adjustments accordingly. 
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IV. FANUC BUILT-IN SPINDLE MOTOR 
BiS series 


B-65280EN/06 FANUC BUILT-IN SPINDLE MOTOR BiS series 1.START-UP 


START-UP 
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1.START-UP FANUC BUILT-IN SPINDLE MOTOR BiS series B-65280EN/06 


1.1 START-UP PROCEDURE 


A. Check the spindle-related specifications. 
CNC model 
Spindle motor 
Common power supply (PS) 


Spindle amplifier 
Sub module SM (SSM) 
Detector system 


B. Check all connections. (See DESCRIPTIONS.) 
C. Prepare and check the PMC ladder program. 


D. Check the CNC parameter setting for using the BiS series 
(Serial) spindle. (See Subsection 1.2.1.) 


E. Perform automatic BiS series (Serial) spindle parameter 
initialization. (See Subsection 1.2.2.) 
- Seta motor model code “300” and the parameter enabling 
use of the automatic parameter initialization function, then 
turn the CNC off and then on again. 


F. Change parameter data. 
- Perform automatic initialization by specifying “300”, then 
change the parameter data according to the parameter list 
for the motor. 


G. Set the parameters related to the detectors. (See Section 1.3.) 


|. Check the waveforms of the feedback signals from detectors 
(Refer to the MAINTENANCE MANUAL.) 


J. When using the sub module SM (SSM), set and check the 
related parameters. (See Section 1.4.) 


K. Set and check the parameters related to magnetic pole 
detection and set an AMR offset. (See Section 1.5.) 
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H. When using a machine in a system 
that has already been started, load all 
CNC parameters for the machine. 
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1.2 SPINDLE SERIAL INTERFACE 


1.2.1 Parameters Related to Spindle Serial Output 


For this subsection, see Subsection 1.2.1, "Parameters Related to 
Spindle Serial Output", in Part I. 


1.2.2 Automatic Spindle Parameter Initialization 


(1) Parameter list 


Parameter No. ae 
151 16i 30: Description 





5607#0 4019#7 4019#7 |Function for automatically initializing spindle parameters 
3133 4133 4133 Spindle motor model code 

















(2) Procedure for automatic spindle parameter initialization 


Perform spindle parameter initialization by following the procedure 
below. 


<1> Set model code "300". 


Parameter No. a 
151 161 30: Description 


3133 4133 4133 Model code 


<2> Set the relevant parameter to enable automatic spindle parameter 
initialization. 








Parameter No. =: 
151 161 30: Description 


— 4019#7 4019#7 
5607#0 = = 

















NOTE 


This bit is reset to its original value after 
automatic parameter initialization. 





<3> Turn off then turn on again the power to the CNC. The spindle 
parameter data common to each model is automatically 
initialized. 

<4> Input parameters manually according to the model-by-model 
parameter list. 

<5> Set detector-related parameters according to the detector 
configuration. 


1.2.3 Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 1.2.3, "Diagnosis (Diagnosis 
Screen)", in Part I. 


1.2.4 Alarm 


For this subsection, see Subsection 1.2.4, "Alarm", in Part I. 
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1.3 PARAMETERS RELATED TO DETECTORS 


NOTE 
1 Note that the specifications of parameters related 
to detectors for the ai series spindle amplifiers 


differ from those of parameters for the a series 
spindle amplifiers. 

The sensor used with the BiS series spindle is a 
aiBZ sensor or aiCZ sensor. 





1.3.1 List of Parameters for Detectors 


For this subsection, see Subsection 1.3.1, "List of Parameters for 
Detectors", in Part I. 


1.3.2 Details of Parameters for Detectors 


For this subsection, see Subsection 1.3.2, "Details of Parameters for 
Detector", in Part I. 
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1.3.3 Typical Detector Configurations 


This subsection describes the detector configuration of the BiS series 
spindle and the parameter setting procedure applicable to the detector 
configuration. 

With the BiS series spindle, the detector circuitry hardware is set 
according to the parameter setting. For this reason, an alarm such as a 
disconnection alarm may be output while parameters related to 
detectors are being set. 

To initialize the hardware, after setting the parameters related to 
detectors, turn the power to the amplifier off once. 


(1) When the oiBZ or aiCZ sensor is used 
[Sample system configuration] 


aiBZ sensor or 
aiCZ sensor 


Parameter Settings Description 


4000 #0 0 Rotation directions of the spindle and motor 
4002 #3,#2,#1,#0 0,0,0,1 Uses the motor sensor for position feedback. 
4010 #2,#1,#0 0,0,1 Uses the aiBZ or aiCZ sensor as the motor sensor. 











Depends on 


4011 #2,#1,#0 the detector. 


Sets the number of motor sensor gear teeth. 





Gear ratio between the spindle and motor 


4056 to 4059 100 or 1000 44 
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1.4 SUB MODULE SM 


1.4.1 Overview 


The sub module SM (SSM) protects the amplifier and motor against 
an overvoltage caused by the motor counter electromotive voltage of 
the BiS series spindle (synchronous built-in spindle motor), for 
example, when a spindle alarm is issued. 

For safety, connecting the sub module SM is recommended. If the 
SSM is not used, the maximum motor speed needs to be limited. (For 
details of limiting the maximum motor speed, see Subsection 1.4.4.) 


/A\ CAUTION 
This section provides information important to safe 


use of the BiS series spindle (synchronous built-in 
spindle motor). Be sure to read this section even 
when the sub module SM (SSM) is not used. 





1.4.2 Series and Editions of Applicable Spindle Software 


9D53 series B (02) edition or later 

9D70 series A (01) edition or later 

9D80 series B (02) edition or later 
1.4.3 Configuration 


The configuration for using the sub module SM is shown below. 


For the specifications of the sub module SM and connection details, 
refer to "FANUC SERVO AMPLIFIER ai series DESCRIPTIONS 
(B-65282EN)". 







aiBZ / aiC) BiS series 
sensor spindle motor 






Power line terminal 
SSM (sub module SM) 







NOTE 


To use the sub module SM, use spindle amplifier 
(SP) TYPE B. 
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1.4.4 Related Parameters 


/\ CAUTION 
This subsection describes the parameters related 
to the sub module SM (SSM). If the SSM is not 


used, the maximum motor speed (parameter No. 
4020) needs to be limited. 





153 161 30: #7 


#6 #5 #4 #3 #2 #1 #0 
soos 400s 4008 | | ssmuse| =| | | 


SSMUSE _ This parameter sets whether to use the sub module SM (SSM). 
0: Does not use the sub module SM. 
1: Uses the sub module SM. 
To use the synchronous built-in spindle motor safely, setting this bit to 
“1” to use the SSM is recommended. 
If the SSM is not used, set this bit to 0. In this case, the maximum 
motor speed (parameter No. 4020) needs to be limited. 


157 167 30 


3020 4020 4020 Maximum motor speed 


Unit of data: = 1min 
Valid data range: 0 to 32767 
Standard setting value: | Depends on the motor model. 
This parameter sets a maximum spindle motor speed. 
If the SSM is not used, the maximum motor speed needs to be limited 
so that the back electromotive force (BEMF) voltage at a speed at 
which the overspeed alarm (spindle alarm 07) is detected is lower than 
the smaller value of the following two allowable voltage levels. 
The standard setting of an overspeed alarm detection level is 115%, so 
that the maximum motor speed must satisfy the following expression: 


(Maximum motor speed)x1.15xKe/1000 < Minimum (Va, Vm) 


Maximum allowable voltage of the SP : 
Va = 636Vims (SP for 400V system) 
Va = 318Vims (SP for 200V system) 
Withstand voltage of the motor : 
Vm [Vims] (between lines) 
BEME constant : 
Ke [Vims/1000min‘'] (between lines) 


Example) 
When a synchronous built-in spindle motor with the BEMF 
voltage Ke = 139 [Vims/1000 min''] (between lines) and 
withstand voltage 450Vrms of the motor (between lines) is 
driven by a spindle amplifier (SP) of 400V system, the following 
value can be set as the maximum motor speed (parameter No. 
4020): 
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Maximum allowable voltage of the SP : 
Va=636 Vims (SP for 400V system) 
Withstand voltage of the motor : 
Vm=450 Vins (between lines) 
BEMEF constant : 
Ke=139 Vyms/1000min"' (between lines) 


(Maximum value of No. 4020) 

= Minimum(636, 450) / 139 x 1000 / 1.15 
= 450 / 139 x 1000/ 1.15 

= 2815 [min™] 
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1.4.5 | Stop Processing When a Sub Module SM Error Occurs 


/\, CAUTION 
This subsection describes stop processing to be 
performed when a sub module SM (SSM) error 
occurs. If an SSM error occurs, the function for 


protecting the amplifier against a spindle alarm 
does not operate normally. Ensure that when an 
SSM error occurs, the motor is stopped according 
to the descriptions of this subsection. 





(a) Output signals (CNC — PMC) 


157 167 301 
1st- F230 F048 F048 
2nd- F246 F052 F052 


#7 #6 #5 #4 #3 #2 #1 #0 
—T [ | fen 
Ss 
a 








SSMBRKA;. *|:Submnodlile SMISSNIA; oe en emo SM (Sel) errolsdeteded: 
SSMBRKB error state signal O Nemal state 
2 1: The sub module SM (SSM) is abnormal. 


(b) Stop processing 


When an SSM error is detected, the SSM error signal SSMBRK is set 

to 1, and the spindle amplifier (SP) has state error 36 turned on. At 

this time, decelerate and stop the motor safely by following the 
procedure below: 

(1) Disconnect the spindle for which the SSM error occurs 
mechanically from other axes. This operation is to prevent the 
deceleration of the spindle motor from having a mechanical 
impact on the spindles. 

(2) Then, decelerate and stop the target spindle. 

(3) When the motor is decelerated and the speed becomes zero (SST 
= 1), spindle alarm 89 is issued. 


(Timing chart) 


SSMBRK 










(1) Disconnection processing 


Motor speed (2) Deceleration is started. 


(3) Alarm 89 after the motor stops 
Alarm 89 
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1.4.6 


(a) Spindle alarm 
Alarm No. 


FANUC BUILT-IN SPINDLE MOTOR BiS series 


LED display 





16i 


SP0089 SP9089 








(b) Status error 
Status error No. 





Spindle 
amplifier 





Description 


The SSM is abnormal. 

(1) The interface signal between the 
spindle amplifier (SP) and SSM is 
disconnected. 

(2) The SSM is faulty. 





Alarm and Status Error 


Description 


The SSM is abnormal. 

(1) The spindle amplifier 
(SP) does not support 
the SSM. 

(2) No SSM is installed or 
connected. 

(3) The interface signal 
between the spindle 
amplifier (SP) and 
SSM is disconnected. 

(4) The SSM is faulty. 
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Measure 


Alarm 89 cannot be reset. 

Turn the power off, then check whether 
the SP supports the SSM and whether 
the SSM and SP are connected 
properly. 

If the SSM is faulty, replace the SSM. 





Measure 


For PMC processing to be performed when error 36 is 
issued, see Subsection 1.4.5, "Stop Processing When a 
Sub Module SM Error Occurs", in Part IV. 





B-65280EN/06 FANUC BUILT-IN SPINDLE MOTOR BiS series 1.START-UP 


1.4.7 Caution 


/A\ CAUTION 
This subsection provides notes on using the BiS 


series spindle safely. Fully understand the 
instructions described in this subsection before 
using the BiS series spindle. 





(1) When the sub module SM (SSM) is not used 


(1) When the SSM is not used, the maximum motor speed 
(parameter No. 4020) needs to be limited. Driving the motor at a 
speed faster than the limit may damage the spindle amplifier (SP). 
For details, see Subsection 1.4.4, "Related Parameters", in Part 
IV. 


(2) When the sub module SM (SSM) is used 

(1) To check that the SSM operates normally, conduct an SSM self 
test at least once a day. An SSM self test is conducted on the 
rising edge of the emergency stop signal *ESP. The execution 
time (corresponding to “t” in the figure below) of the self test is 
about 450 msec (with 9D53 series H (08) edition or later, 9D70 
series G (07) edition or later, and 9D80 series B (02) edition or 
later; about 250 msec with any edition earlier than the above). 


*ESP (emergency stop) 







SSM self test 


MCC 





MCC: The MCC is connected between the power supply and common power 
supply (PS), and the MCC switch signal line is connected to the CX3 of the 
common power supply (PS). The MCC is turned on/off by the emergency 
stop signal *ESP (G071#1). 


(2) By conducting the test described below at least once after SSM 
installation, check that the SSM _ self test function operates 
normally. If this test is not conducted, the function for protecting 
the SSM amplifier and motor can be lost, resulting in damage to 
the amplifier or motor, for example, when a power failure occurs. 

Step 1. Turn off the power to the machine. 

Step 2. To prevent the power to the motor from being turned on 
during testing, detach the CX3 connector on the common 
power supply (PS) connected to the SSM and also detach 
the CX31 connector on the sub module SM. 

Step 3. Turn on the power to the machine. 

Step 4. After the CNC starts up and the indication of "-" on the 
spindle amplifier (SP) is turned on, set the emergency stop 
signal (*ESP) to 1. 
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(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


Step 5. The self test function is operating normally if spindle alarm 
89 is issued at emergency stop cancellation time. If the 
alarm is not issued, the cable, parameter, or spindle 
amplifier (SP) is abnormal. 

Step 6. Turn off the power to the machine. Be sure to reinstall the 
CX3 and CX31 connectors. 

If a spindle alarm is issued and the spindle amplifier (SP) detects 
the input of the motor power turn-off signal (MPOF), the SSM is 
activated and the motor is decelerated to a stop. This deceleration 
differs from ordinary deceleration in that it is dynamic brake 
operation caused by short-circuits between motor pins by the 
SSM, however. If the SSM is faulty at this time, the spindle 
amplifier (SP) can be damaged. 

After the SSM is activated, the spindle amplifier (SP) ignores 
any alarm reset unless the speed zero state (speed zero signal 
SST = 1) continues for at least 5 sec (with 9D53 series G (07) 
edition or later, 9D70 series F (06) edition or later, or 9D80 
series B (02) edition or later; for at least 120 sec with any edition 
earlier than the above). For resetting of the alarm, the speed zero 
state (SST = 1) needs to be set. 

After the SSM is activated, the SP ignores any alarm reset during 
the period described in item (4). When the SSM is active, reset 
the alarm after the period has elapsed. If the alarm is reset in the 
state where a command is input, the motor can abruptly start 
rotation. So, specify such a sequence that all commands are 
cleared when an alarm is issued or MPOF is input, and the 
cleared commands are specified again upon completion of alarm 
resetting. 

If the motor power turn-off signal MPOF is input, the SSM is 
activated. So, a deceleration to a stop (dynamic brake operation, 
which differs from ordinary deceleration) occurs instead of a 
free-run stop. 

When the SSM is faulty, inputting the motor power turn-off 
signal MPOF may damage the spindle amplifier (SP). So, ensure 
that MPOF is not input in a high-speed area where the SSM is 
needed. 

Do not insert a switch element such as an electromagnetic 
contactor in the power line between the spindle amplifier (SP) 
and synchronous built-in spindle motor. If the power line is 
broken during rotation, the amplifier or motor can be damaged. 
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1.5 MAGNETIC POLE DETECTION 


1.5.1 Overview 


To control the synchronous built-in spindle motor, information about 

the magnetic pole position (phase) of the rotor is needed. Operation 

for detecting the magnetic pole position (phase) of the rotor is referred 

to as magnetic pole detection. Immediately after the power is turned 

on or if magnetic pole position information is lost for a cause such as 

an alarm, magnetic pole detection needs to be performed before the 

motor can be driven. 

Three magnetic pole detection modes are available: 

e Minute operation mode (usable with 9D53 series I edition or later, 
9D70 series H edition or later, and 9D80 series B edition or later) 

e Automatic selection mode (usable with 9D53 series C edition or 
later, 9D70 series B edition or later, and 9D80 series B edition or 
later) 

e _ Direct current activation mode 


By setting the phase difference between the magnetic pole position 
(phase) of the rotor and the one-rotation signal generation position 
beforehand in a parameter, control can be exercised using a 
parameter-set offset value and one-rotation signal position as 
reference data after one-rotation signal detection (AMR _ offset 
function). 
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1.5.2 | Magnetic Pole Detection Operation 


(1) Minute operation mode (usable with 9D53 series | edition or later, 9D70 series H 
edition or later, and 9D80 series B edition or later) 
In the minute operation mode, magnetic pole detection is performed 
while the motor is moved in very small steps. When the motor is 
locked, magnetic pole detection is disabled in principle (spindle alarm 
65 is issued). 
Usually, magnetic pole detection in this mode is recommended. 


(2) Automatic selection mode (usable with 9D53 series C edition or later, 9D70 series 
B edition or later, and 9D80 series B edition or later) 

In the automatic selection mode, magnetic pole detection is performed 

in either of the following two modes that is selected automatically by 

the spindle amplifier (SP): 

Minute operation mode : In this mode, magnetic pole detection is 
performed while the motor is moved in very 
small steps. 

Stop mode _ : In this mode, magnetic pole detection is enabled even 

when the motor 1s locked. 

In the automatic selection mode, magnetic pole detection is started in 

the minute operation mode. When the motor is detected to be locked, 

the spindle amplifier selects the stop mode and magnetic pole 
detection is performed. 


Example of magnetic pole detection: Automatic selection mode 
Parameters No. 4083=5030, No. 4398#2(SELMET)=1, No. 4449=0, No. 4450=0 





(--) 
5 


(1/min) 
3 


Sat Jan 29 17:07:27 2006 


Draw3: SPEED 
Draw4: INORM 
© 
8 


-300 0 8000 70000 
Time (msec) 


Magnetic pole detection activation Normal end of magnetic pole detection 


In the automatic selection mode, magnetic pole detection is enabled even when the 
motor is locked because the stop mode can be selected. To select the stop mode, 
however, the following conditions must be satisfied: 

e The saliency of the motor is sufficiently large. (Lq-Ld>1mH) 


e At about 70% of the maximum current, a magnetic saturation of 5% or more is 
generated (the torque constant decreases by 5% or more.) 

If either of the above conditions is not satisfied, the precision of detection may be 

degraded or the magnetic pole position may be unable to be detected. So, confirm 

that operation in the stop mode can be performed normally before using the 

automatic selection mode. 
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When the minute operation or automatic selection mode is used, the 

velocity feedback may exceed the value set in parameter No. 4450 

(velocity feedback threshold) due to noise and a symptom such as the 

following may occur: Magnetic pole detection is not started or is not 

completed. In this case, follow the steps below: 

<1> First, check the noise level of the velocity feedback. 

<2> When the noise level of the velocity feedback is 5.5 min’ or less, 
set the lower two digits (velocity feedback threshold) of 
parameter No. 4450 to the standard setting (0: 11 min’). 

<3> When the noise level of the velocity feedback exceeds 5.5 min’, 
first reduce the noise by suppressing it. If the noise cannot be 
reduced to the allowable level by any means, set the lower two 
digits (velocity feedback threshold) of parameter No. 4450 to 
about double the noise level. 


(3) Direct current activation mode 

In the direct current activation mode, magnetic pole detection is 

performed while the motor is vibrating to a large extent. 

When the motor is locked, magnetic pole detection is disabled. 

Operation in the direct current activation mode is as follows: 

<1> Perform direct current activation at a phase of the electric angle 0 
deg. 

<2> Check that the motor is stopped. The motor is assumed to be 
stopped when a stop confirmation time (specified using the lower 
two digits of parameter No. 4083) has elapsed after the motor 
speed becomes 5 min’ or below. 

<3> After checking that the motor is stopped, perform direct current 
activation at a phase of the electric angle 90 deg. 

<4> Check that the motor is stopped. 

<5> After checking that the motor is stopped, the spindle alarm 65 is 
issued if the phase difference of the rotor between the cases 
where direct current activation is performed at the electric angle 
0 deg and at the electric angle 90 deg is not within the range 80 
to 100 deg. 

The maximum travel distance from the start to end of magnetic pole 

detection is the electric angle 270 deg. 


Example of magnetic pole detection: Direct current activation mode 
Parameter No. 4083=5030 
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1.5.3 AMR Offset Function 


The spindle amplifier controls the motor based on the initial magnetic 
pole position estimated by magnetic pole detection. So, a large error 
between the estimated and true magnetic pole positions may affect the 
motor so that the acceleration/deceleration time during forward 
rotation differs from that during reverse rotation (torque 
characteristics during forward rotation differ from those during 
reverse rotation) or another symptom occurs. 

The AMR offset function minimizes the error between these magnetic 
pole positions. 

Reading this subsection and using the AMR offset function are 
recommended. 


NOTE 
This function can be used with 9D53 series C (03) 


edition or later, 9070 series B (02) edition or later, 
and 9D80 series B (02) edition or later. 





(1) AMR offset function operation 
When the AMR offset function is enabled, the spindle amplifier 


determines the estimated magnetic pole position as follows: 
; Updates estimated magnetic pole position Update estimated magnetic pole position 
Magnetic pole based on initial phase determined by based on AMR offset (parameter No. 4084) of 
PEStOn magnetic pole detection. one-rotation signal position. 


360° 












No.4084 
(AMR offset) 


0° 





Roo ooo eye 


Magnetic pole One-rotation 
detection completed signal detected 


See : True magnetic pole position 
: Estimated magnetic pole position 





<1> After the power is turned on, magnetic pole detection is 
performed. 
“The precision of the estimated magnetic pole position” is “the 
precision of magnetic pole detection.” So, the width of the error 
between the estimated and true magnetic pole positions is 
determined depending on the precision of magnetic pole 
detection. 

<2> When a rotation command is input, the motor rotates and the 
estimated magnetic pole position is updated using the feedback 
data of the motor sensor based on the initial magnetic pole 
position determined in step <1>. So, the error of the initial value 
determined in step <1> is the error of the estimated magnetic 
pole position with no change. 
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<3> When the AMR offset function is enabled (when bit 6 of 


parameter No. 4008 is 0 and the value of parameter No. 4084 is 
the adjustment value and is not 0), the following processing 
compensates the displacement of the detected magnetic pole 
position above. 

When the motor rotates and the one-rotation signal is detected, 
the estimated magnetic pole position is forcibly replaced with 
AMR offset data (parameter No. 4084). AMR offset processing 
is executed only when the one-rotation signal is detected for the 
first time after magnetic pole detection. 


(2) Setting of the AMR offset parameters 
Set the parameters according to the procedure below. 
<1> Set bit 6 (NEGREF) of parameter No. 4008 to 0 and set 


parameter No. 4084 (AMR offset) to 0. 


<2> After performing magnetic pole detection, rotate the motor at 


<3> 


<4> 


about 100 min’! and check the magnetic pole position when the 
one-rotation signal is detected. When the one-rotation signal is 
detected, data changes from “0” to “the magnetic pole position 
when the one-rotation signal is detected.” 


(*) Checking the magnetic pole position when the one-rotation 

signal is detected 

e On the diagnosis screen : 
Set parameter No. 4532 to 2. The magnetic pole position is 
displayed on diagnosis screen No. 720 (1st spindle). This 
function may be unavailable depending on the spindle 
software edition. For details, see Item (2) in Subsection 
1.5.5. 

e On the spindle check board : 
Make a setting for display. (d-01=977, d-02=0, d03=0, 
d-04=0) 


The checked magnetic pole position contains the detection error. 
Check the magnetic pole position as described in step <2> 
several times and find the average. 

Turn motor excitation off, then set the average found in step <3> 
in parameter No. 4084. 


NOTE 


If an inappropriate value is set for the AMR offset 
(parameter No. 4084), the motor may move 
unpredictably. So, observe the following rules 


strictly when setting the parameter: 

- Set the parameter in the emergency stop signal 
input state. 
Confirm that the setting is the same as the 
average found in step <3>. 
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<5> 


<6> 


<7> 


<8> 


<9> 


Turn the power off, then on again and perform magnetic pole 
detection. Accelerate and decelerate the motor with the forward 
and reverse rotation commands at about 100 min”, and check 
whether the motor rotates normally. 

By using the SERVO GUIDE or spindle check board, measure 
the torque command, actual speed, and the torque command in a 
constant rotation when acceleration/deceleration operation is 
performed with the forward (SFR) and reverse (SRV) commands 
at the maximum speed. 

Compare the torque command and actual speed during forward 
rotation with those during reverse rotation to check whether the 
AMR offset setting is appropriate. When the acceleration time, 
deceleration time, and torque command amplitude during 
forward rotation are almost the same as those during reverse 
rotation, the AMR offset data setting (parameter No. 4084) is 
appropriate. 

If they are not almost the same, the AMR offset data setting 
(parameter No. 4084) is inappropriate. In this case, adjust the 
value of parameter No. 4085 (parameter for checking and 
fine-adjusting the AMR offset) so that they are almost the same. 
After the completion of adjustment, set the following values in 
parameters Nos. 4084 and 4085: 

No.4084 (new) = No.4084 (old) + No.4085 (old) 

No.4085 (new) = 0 


NOTE 

Observe the following rules strictly when setting the 
parameters for the same reasons as described in 
NOTE in step <4>: 


Set the parameters in the emergency stop signal 
input state. 

Confirm that the settings are the same as the 
values in step <9>. 





<10> Turn the power off. 


NOTE 


The AMR offset is a parameter indicating the phase 
relationships between the motor and motor sensor. 


After the phase relationships are changed due to a 
cause such as the replacement of the motor 
sensor, adjust the AMR offset again. 
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1.5.4 1/0 Signals (CNC ~ PMC) 


(1) Address list of Input signals (PMC — CNC) 


15i 16i 30: #7 #6 #5 #4 #3 #2 #1 #0 


1st-  G227. G070 6GO070 MRDYA | | sera | SRVA 
2nd-  G235 G074 GO074 MRDYB | [sere | SRVB 


1st. G226 G071 GO071 | *espa | 

2Qnd-  G234 GO75 GO075 | «espe | 

1st- G228 G073 G073  JeEpEsTRA | MPOFA | 
2nd- G236 G077 GO07/7 EPFSTRB MPOFB 


(2) Details of input signals (PMC — CNC) 
This item provides a list of the input signals related to magnetic pole 
detection only. Also see Section 3.1, “INPUT SIGNALS 
(PMC-CNC->SP),” in Part IV. 

































































(a) Machine ready signal (MRDYA) 


Set this signal to “1” before starting magnetic pole detection. 


(b) Forward rotation command signal (SFRA) and reverse rotation command 
signal (SRVA) 

(1) When bit 7 (EPFSIG) of parameter No. 4007 is set to 0: 
One of these signals starts magnetic pole detection operation. 
Input one of the signals. The velocity command is ignored while 
the magnetic pole undetected state (EPFIX = 0). However, as 
soon as EPFIX is set to 1 (the magnetic pole detection 
completed), the velocity command is accepted to start rotation. 

(2) When bit 7 (EPFSIG) of parameter No. 4007 is set to 1: 
When this setting is made, these signals operate not as signals for 
starting magnetic pole detection, but as those for simply turning 
excitation on. Before starting magnetic pole detection operation 
(EPFSTR = 1), input either signal of SFR and SRV. 


(c) Emergency stop signal (*ESPA) 


Set this signal to “1” before starting magnetic pole detection. 


(d) Magnetic pole detection operation start signal (EPFSTRA) 

(1) When bit 7 (EPFSIG) of parameter No. 4007 is set to 0: 
This signal is disabled. Always set this signal to “0.” 

(2) When bit 7 (EPFSIG) of parameter No. 4007 is set to 1: 
To make the operator concerned with magnetic pole detection 
operation, this signal can be used together with EPFIX (magnetic 
pole detection state signal). While this signal is input, the spindle 
software ignores a command and displays error 30 (on the 
spindle amplifier (SP)). So, when EPFIX is set to 1, turn this 
signal off. 
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(e) Motor power turn-off signal (MPOFA) 
Do not input this signal during magnetic pole detection operation. The 
motor is not excited and the magnetic pole position cannot be 
detected. 


(3) Address list of output signals (CNC — PMC) 


151 167 303 #7 #6 #5 #4 #3 #2 #1 #0 


1st- F230 F048 F048 EPFIXA 
2nd- F246 F052 F052 EPFIXB 


(4) Details of output signals (CNC — PMC) 
(a) Magnetic pole detection state signal (EPFIXA) 

This signal indicates the state of magnetic pole detection. 

0: Magnetic pole undetected 
In this state, magnetic pole detection operation is started by a 
start signal. 

1: Magnetic pole detection completed 
This signal is reset to 0 if a spindle alarm indicating the loss of 
the magnetic pole position due to trouble such as a motor sensor 
disconnection is issued. 

If this signal state is indicated using a lamp on the operator's panel, the 

operator can recognize the magnetic pole detection state. 

If any of the following spindle alarms is issued, the spindle amplifier 

(SP) loses the magnetic pole position and turns off the magnetic pole 

detection state signal (EPFIX = 0). 

Spindle alarm Nos. : 01, 24, 26, 37, 65, 73 
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1.5.5 Related Parameters 


(1) Parameters related to magnetic pole detection 


151 161 30: #7 


#6 #5 #4 #3 #2 #1 #0 
3007 4007 4007 Jeprsig| = | S| =] S| S| 


EPFSIG Selects a magnetic pole detection start signal. 
0: Uses SFR or SRV as a magnetic pole detection start signal. 
1: Uses EPFSTR as a magnetic pole detection start signal. 
Set this parameter to select a desired start signal. 


157 167 301 


3083 4083 4083 Current ratio/motor stop confirmation time in magnetic pole detection operation 


The upper two digits (thousands and hundreds) indicate a current ratio 
in magnetic pole detection, and the lower two digits (tens and ones) 
indicate a motor stop confirmation time. 


Current ratio in magnetic pole detection (upper two digits) 
Unit of data: 1% 
Valid data range: 0 to 99 
Standard setting value: | Depends on the motor model. 
Set the magnitude of a current command value in magnetic pole 
detection operation as a ratio to the maximum current value. 
This parameter is valid in the minute operation mode or direct current 
activation mode. 


Motor stop confirmation time (lower two digits) 
Unit of data:  0.1sec 
Valid datarange: 0 to 99 
Standard setting value: | Depends on the motor model. 
Set a period of time for confirming the stop of the motor in the direct 
current activation mode. 
This parameter is valid in the direct current activation mode. 


NOTE 
If magnetic pole detection position precision is 


insufficient for a cause such as friction, the motor 
output torque may decrease. In such a case, this 
parameter needs to be adjusted. 
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153 161 30: 
3398 4398 4398 


SELMET 


153 161 30: 
3399 4399 4399 


MINUTE 


151 161 30: 
3449 4449 4449 


Unit of data : 
Valid data range : 
Standard setting value : 


Unit of data : 
Valid data range : 
Standard setting value : 


FANUC BUILT-IN SPINDLE MOTOR BiS series 


B-65280EN/06 


#7 


#6 #5 #4 #3 #2 #1 #0 
ee ee ee ee ee ee 


Selects a magnetic pole detection mode. 

0: Performs magnetic pole detection in the direct current activation 
mode. 

1: Performs magnetic pole detection in the automatic selection 
mode or minute operation mode. 


Usually, set this parameter to 1 (automatic selection or minute 
operation mode) to use the function. 








NOTE 
This parameter is valid with 9D53 series C (03) 


edition or later, 9D70 series B (02) edition or later, 
and 9D80 series B (02) edition or later. 





#7 #6 #5 #4 #3 #2 #1 #0 
| wre | TT 
Selects a magnetic pole detection mode. 


0: Automatic selection mode (minute operation mode + stop mode) 
1: Minute operation mode 


Usually, set this parameter to 1 (minute operation mode) to use the 
function. 





NOTE 
This parameter is valid with 9D53 series | (09) 


edition or later, 9D70 series H (08) edition or later, 
and 9D80 series B (02) edition or later. 





Direction detection current/polarity determination current 


The upper three digits (ten thousands, thousands, and hundreds) 
indicate a direction detection current, and the lower two digits (tens 
and ones) indicate a polarity determination current. 


Direction detection current (upper three digits) 

1% 

0 to 320 

0 

Set a current for magnetic pole direction detection in magnetic pole 
detection operation. When 0 is set, 100% is set. 

This parameter is valid in the stop mode. 


Polarity determination current (lower two digits) 
1% 

0 to 99 

0 
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157 167 301 
3450 4450 4450 


Unit of data : 
Valid data range : 
Standard setting value : 


Unit of data : 
Valid data range : 
Standard setting value : 


Set a detection current for determining the polarity of the magnetic 
pole as a ratio to the maximum current value. When 0 is set, 70% is 
set internally. 

This parameter is valid in the stop mode. 


NOTE 
This parameter is valid with 9D53 series C (03) 


edition or later, 9D70 series B (02) edition or later, 
and 9D80 series B (02) edition or later. 





Travel distance allowance magnification/velocity feedback threshold 


The upper three digits (ten thousands, thousands, and hundreds) 
indicate a travel distance allowance magnification, and the lower two 
digits (tens and ones) indicate a velocity feedback threshold. 


Travel distance allowance magnification (upper three digits) 

1% 

0 to 200 

0 

Set a travel distance allowance magnification. Set a ratio relative to a 
machine angle of 5 deg assumed to be 100%. When 0 is set, 100% 
(machine angle of 5 deg) is set internally. 

This parameter is valid in the minute operation mode. 


Velocity feedback threshold (lower two digits) 

1% 

0 to 99 

0 

Set a velocity feedback threshold for determining the stop of the 
motor, assuming 100% = 110 min’. When 0 is set, 10% (11 min’) is 
set internally. 

This parameter is valid in the minute operation mode. 


NOTE 
This parameter is valid with 9D53 series C (03) 


edition or later, 9070 series B (02) edition or later, 
and 9D80 series B (02) edition or later. 





(2) Parameters related to AMR offset 


153 161 30: 
3008 4008 4008 


NEGREF 


#7 #6 #5 #4 #3 #2 #1 #0 

Sets whether to use a one-rotation signal of the motor sensor as 

reference magnetic pole position data. 

0: Uses the one-rotation signal position of the motor sensor as 
reference magnetic pole position data. 


1: Does not use the one-rotation signal position of the motor sensor 
as reference magnetic pole position data. 
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157 167 30 
3084 4084 4084 


Unit of data : 
Valid data range : 
Standard setting value : 


When this parameter is set to “1,” the spindle amplifier operates based 
on the initial magnetic pole position detected by magnetic pole 
detection operation regardless of the one-rotation signal position of 
the motor sensor. 

Usually, set this parameter to 0 (uses the AMR offset function) to use 
the spindle amplifier. 


AMR offset 


1 pulse (8192 pulses = electric angle 360 deg) 

0, 1 to 8192 

0 

Set an AMR offset. 

This parameter is valid when bit 6 (NEGREF) of parameter No. 4008 
is set to 0. Set an adjustment value to this parameter. When this 
parameter is set to 0, the AMR offset function is disabled. When 
setting 0 pulse as an AMR offset, set 8192. 

See Subsection 1.5.3, “AMR Offset Function,” and adjust this 
parameter for each motor. 


NOTE 

1 This parameter needs to be adjusted for individual 
motors. If parameters for other machine are loaded 
as the initial data, clear and readjust this parameter 
after loading parameters. 
This parameter indicates the phase relationships 
between the motor and motor sensor. After the 
phase relationships are changed due to a cause 
such as the replacement of the motor sensor, adjust 
the AMR offset again. 
This parameter is valid with 9D53 series C (03) 
edition or later, 9070 series B (02) edition or later, 
and 9D80 series B (02) edition or later. 
When the spindle software edition is earlier than the 
editions above, set this parameter to 0. 
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157 167 301 
3085 4085 4085 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3532 4532 4532 


Unit of data : 
Valid data range : 
Standard setting value : 


AMR offset adjustment value 


1 pulse (8192 pulses = electric angle 360 deg) 

-300 to +300 (electric angle: -13.2deg to +13.2deg) 

0 

This parameter is used for AMR offset adjustment. The AMR offset 
can be shifted by a specified number of pulses. 

To protect against an operation error caused by directly modifying the 
AMR offset (parameter No. 4084), the valid data range is limited to 
-300 to +300 pulses. 

Observe the torque command and actual speed when making forward 
rotations and reverse rotations at the same speed, and make an 
adjustment so that same acceleration time and deceleration time are 
achieved with the same torque command, and the torque command in 
a certain rotation is about the same. 


NOTE 

1 After adjusting this parameter, add the optimum 
value to the setting of parameter No. 4084 and set 
the obtained value for parameter No. 4084 and “0” 
for this parameter (No. 4085). 


This parameter is valid with 9D53 series C (03) 
edition or later, 9070 series B (02) edition or later, 
and 9D80 series B (02) edition or later. 

When the spindle software edition is earlier than the 
editions above, set this parameter to 0. 





Arbitrary data output function number 


0 to 32767 

0 

Set this parameter to 2 when an AMR offset candidate value is to be 
checked on the diagnosis screen of the CNC. An AMR offset 
candidate value (magnetic pole position corresponding to a 
one-rotation signal position counted relative to the magnetic pole 
detection position) can be checked with the following numbers on the 
diagnosis screen of the CNC: 


Diagnosis No. (16: ) Diagnosis No. (30: ) 
1st spindle 





2nd spindle 
3rd spindle 
4th spindle 
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NOTE 
1 When this function is used, the following combinations of spindle software and CNC 
software must be used: 
For spindle software 9D53 series F edition or later and 9D80 series B edition or later 
FS167/160: /160is-TB  :BiHAseries V (22) edition or later 
FS167 /160: /160is-MB —_: BOHA series P (16) edition or later 
FS18: /180i /180is-TB : BEHA series V (22) edition or later 
FS187 /180i /160is-MB_ _: BDHA series P (16) edition or later 
FS187 /180i /180is-MB5 : BDHE series F (06) edition or later 
FS211/210i /210is-TB : DEHA series V (22) edition or later 
FS211 /210i /210is-MB  : DDHA series P (16) edition or later 
For spindle software 9D70 series E edition or later and 9D80 series B edition or later 
FS30i /300: /300is-A : G002/G012/G022 series F (6.0) edition or later 
FS317/3107 /310is-A5 =: G121/G131 series F (6.0) edition or later 
FS311 /310i /310is-A : G101/G111 series F (6.0) edition or later 
FS32i /320i /320is-A : G201 series F (6.0) edition or later 
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1.5.6 | Sequence 


(1) When SFR or SRV is used as a start signal (Parameter No.4007#7:EPFSIG=0) 


Power-on 1) 





MPOF=0 
& EPFSTR=0 


MRDY 
& *ESP 














SFR/SRV : : 
An alarm causing the magnetic 
pole position to be lost is issued, 


resulting in EPFIX = 0. 
Speed command 





Magnetic pofe undetected state 
EPFIX The speed command is ignored. 


The magnetic pole position 
is lost, so that the speed 
command is ignored. 










Motor speed 


Magnetic poleO deg Magnetic pole 90 deg Magnetic pole detection completed 
Position movement Position movement 


When SFR or SRV is input in the magnetic pole undetected state 
(EPFIX = 0), magnetic pole detection starts, ignoring the speed 
command. The speed command is enabled after magnetic pole 
detection is completed (EPFIX = 1). Do not input MPOF (motor 
power turn-off signal) and EPFSTR (magnetic pole detection 
operation start signal). 

(1) After turning on the power, the operator is to make a preparation 
to activate the motor. 

(2) Upon completion of preparation, set SFR (or SRV) to 1. 

(3) Inthe magnetic pole undetected state (EPFIX = 0), magnetic pole 
detection automatically starts. 

(4) When magnetic pole detection operation is started, the motor 
moves to the magnetic pole 0 deg position then moves to and 
stops at the magnetic pole 90 deg position (machine angle 90 
deg/number of magnetic poles), determining the magnetic pole. 
(Direct current activation mode) 

(5) When the magnetic pole position is determined, the motor enters 
the magnetic pole detection completed state (EPFIXA = 1), 
which allows the motor to drive. If a command is kept input 
during magnetic pole detection, the motor starts rotating at the 
same time the magnetic pole position is determined. The operator 
may feel that this motion is unpredictable. So, provide interlock 
so that rotation and other commands cannot be input in the 
magnetic pole undetected state (EPFIX = 0). 

(6) Ifa spindle alarm that causes the magnetic pole position to be 
lost is issued, the magnetic pole undetected state (EPFIX = 0) is 
set. When specifying the next rotation command, start all over 
again from the beginning of the sequence. 
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(2) When EPFSTR is used as a start signal (Parameter No.4007#7:EPFSIG=1) 


Power-on 





MPOF=0 


MRDY 
& “ESP 
& SFR/SRV 














An alarm causing the magnetic pole position 
to be lost is issued, resulting in EPFIX = 0. 











EPFSTR 


Speed command 
Magnetic pole 
undetected state 
The speed 
command is 
ignored. 












EPFIX 





The magnetic pole position 
is lost, so that the speed 
command is ignored. 


Motor speed 





Magnetic poleO deg = Magnetic pole 90 deg ; ; 
Position movement Position movement Magnetic pole detection completed 


It is assumed that the magnetic pole determination state signal EPFIX 
and the magnetic pole determination operation start signal EPFSTR 
correspond to a lamp and button on the operator's panel. Do not input 

MPOF (motor power turn-off signal) during magnetic pole detection 

operation. 

(1) The operator recognizes EPFIX = 0 (the lamp turned off on the 
operator's panel) then makes a preparation for magnetic pole 
detection operation. 

(2) Upon completion of preparation, set EPFSTR = 1 (turn on the 
button on the operator's panel) to start magnetic pole 
determination operation. 

(3) The motor moves to the magnetic pole 0 deg position then moves 
to and stops at the magnetic pole 90 deg position (machine angle 
90 deg/number of magnetic poles), determining the magnetic 
pole. 

(4) Upon magnetic pole determination, EPFIX = 1 is set (the lamp 
on the operator's panel is turned on). 

(5) The operator recognizes the completion of magnetic pole 
detection operation and set EPFSTR to 0 (turns the button on the 
operator’s panel off). 

(6) When EPFSTR is set to 0, the speed command can be accepted. 
Confirm that the spindle amplifier is in the magnetic pole 
detection completed state (EPFIX = 1) and EPFSTR is set to 0 
before inputting a rotation or move command. 

(7) Ifa spindle alarm that causes the magnetic pole position to be 
lost is issued, EPFIX = 0 is set (the lamp on the operator's panel 
is tured off). In this case, start all over again from the beginning 
of the sequence. 
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1.5.7 


1.5.8 
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Causes of Spindle Alarm 65 


Cautions 


If magnetic pole detection fails, spindle alarm 65 is issued. This alarm 
may be issued for the causes listed below. If spindle alarm 65 is issued, 
check the following: 

(1) Any of the following parameters is set incorrectly: 
No.4011#2,#1,40,No0.4334 (Number of teeth of the motor sensor) 
No.4011#7,#3,No.4368 (Number of motor poles) 

(2) The activation current ratio in magnetic pole detection is small so 
that friction impedes movement. 

If spindle alarm 65 is issued for this cause, increase the value of 
the upper three digits (activation current ratio) of parameter No. 
4083. 

(3) The motor stop confirmation time (lower two digits of parameter 
No. 4083) is too short. 

The motor vibrates when it stops. So, if the set value is too small, 
an incorrect magnetic pole position is recognized. A sufficiently 
long time is needed to confirm the stop of the motor. 

(4) Motor feedback signal counting is performed incorrectly for a 
cause such as noise. 

(5) The motor is mechanically held and cannot move. 

(6) The motor power line is not connected. (Alternatively, the 
magnetic contactor is off if it is installed between the spindle 
amplifier and motor.) 

(7) The motor power line phase order does not match the motor 
feedback signal connection phase order. 


/A\. CAUTION 
This subsection provides notes on magnetic pole 


detection. For safety, carefully follow the notes 
described in this subsection. 





(1) After the power is turned on or an alarm that causes the magnetic 
pole position to be lost is issued, magnetic pole detection needs 
to be performed. 

(2) In both the direct current activation and minute operation modes, 
the magnetic pole position is detected by moving the motor. For 
this reason, magnetic pole detection is disabled in the motor 
locked state. So, perform magnetic pole detection when the 
motor can move. 

(3) If the precision of magnetic pole detection is poor, the motor 
output torque is small. 

(4) Ifmagnetic pole detection is not completed, all input rotation and 
move commands are ignored. However, those commands become 
valid upon completion of magnetic pole detection. So, if an input 
command is left uncleared in the magnetic pole undetected state, 
the motor abruptly rotates upon completion of magnetic pole 
detection, resulting in a dangerous situation. Prepare such a 
sequence that commands are input after the magnetic pole 
determination state signal (F048#7 (EPFIXA)) set to 1 is 
confirmed. 
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EXPLANATION OF OPERATION MODES 
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2.1 
2.1.1 


2.1.2 


2.1.3 


2.1.4 


VELOCITY CONTROL MODE 


Start-up Procedure 


For this subsection, see Subsection 2.1.1, "Start-up Procedure", in Part 
IL 


Overview 
For this subsection, see Subsection 2.1.2, "Overview", in Part I. 


System Configuration 


The velocity control mode is applicable to all detector configurations. 
For system configurations, see Subsection 1.3.3, "Typical Detector 
Configurations", in Part IV. 


List of I/O Signals (CNC<>PMC) 


For this subsection, see Subsection 2.1.4, "List of I/O Signals 
(CNC>PMC)", in Part I. 
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2.1.5 


Related Parameters 


Parameter No. 





16i 
3705#0 


3705#0 


Description 


Sets SF signal output and the S code for an S command. 





3705#2 


3705#2 


Gear switch method (M series only) 





3705#4 


370544 


Sets SF signal output and the S code for an S command (T series only). 





3705#5 


3705#5 


Sets SF signal output when constant surface speed control is exercised 
and an S code is specified (M series only). 





3705#6 


3705#6 


Sets SF signal output (M series only). 





3706#4 


3706#4 


Spindle gear selection method (M series only) 





3706#7,#6 


3706#7 #6 


Spindle speed command polarity (valid when input signal SSIN = 0) 





3709#0 


3709#0 


Number of sampling operations at spindle speed calculation time (T 
series only for 167) 





3735 


3735 


Minimum clamp speed of the spindle motor (M series only) 





3736 


3736 


Maximum clamp speed of the spindle motor (M series only) 





3740 


3740 


Time until the spindle speed arrival signal is checked 





3741 


3741 


Maximum spindle speed for gear 1 





3742 


3742 


Maximum spindle speed for gear 2 





3743 


3743 


Maximum spindle speed for gear 3 





3744 


3744 


Maximum spindle speed for gear 4 (T series only) 





3751 


3751 


Spindle motor speed at the switch point between gear 1 and gear 2 (M 
series only) 





3752 


3752 


Spindle motor speed at the switch point between gear 2 and gear 3 (M 
series only) 





3772 


3772 


Maximum allowable spindle speed 





2031 


3031 


3031 


Allowable number of S code characters 





2003#1 


Sets an S code polarity. 





2204#0 


Sets the display of an actual spindle speed. 





2402#6 


Sets the S code specified in a block containing G92. 





5602#3 


Whether to provide an indication for an alarm detected with the spindle 
amplifier. (Set "O" usually.) 





5611 


Number of sampling operations when an average spindle speed is to be 
found. 





5612 


Unit of spindle speed output with the DO signal 





5807#0 


Enables/disables the spindle alarms (SPxxxx) of all spindles. (Set "0" 
usually.) 





5842 


Number of position coder pulses 





5847 


Number of gear teeth on the position coder side on velocity control (for 
feed per revolution, threading, etc.) 





5848 


Number of gear teeth on the spindle side on velocity control (for feed per 
revolution, threading, etc.) 





5850 


Spindle number to be selected at power-on/reset time 





5820#4 


Sets the method of spindle speed calculation. 





3006#5 


4006#5 


4006#5 


Sets an analog override range. 





3009#4 


4009#4 


4009#4 


Whether to output the load detection signals (_DT1, LDT2) during 
acceleration/deceleration 





300946 


4009#6 


4009#6 


Analog override type 





3012#6 


401246 


401246 


Sets whether to drive the synchronous built-in spindle motor. (Set '"1".) 





3012#7 


4012#7 


4012#7 


Sets the spindle HRV function. (Set "1".) 





5607#0 


4019#7 


4019#7 


Automatic spindle parameter setting function 





3352#1 


4352#1 


4352#1 


Sets the peak hold function for load meter output. 





3020 





4020 





4020 








Maximum motor speed 
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Parameter No. 





16 


Description 


Speed arrival detection level 





Speed detection level 





Speed zero detection level 





Torque limitation value. 





Load detection level 1 





Load detection level 2 





Soft start/stop setting time 





Velocity loop proportional gain on the velocity control mode 
(A parameter is selected by the PMC input signal CTH1A.) 





3056 to 3059 


4056 to 4059 


4056 to 4059 


Velocity loop integral gain on the velocity control mode 

A parameter is selected by the PMC input signal CTH1A. 

Spindle and motor gear ratio data 

(A parameter is selected by the PMC input signals CTH1A and CTHZ2A.) 





3081 


4081 


4081 


Delay time until the motor power is turned off 





3082 


4082 


4082 


Sets an acceleration/deceleration time. 





3508 





4508 





4508 





Rate of change in acceleration at soft start/stop 


NOTE 


1 


2 


For the detector-related parameters, see Section 
1.3, "PARAMETERS RELATED TO DETECTORS", 
in Part IV. 

For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part IV. 
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2.1.6 Details of Related Parameters 


151 
3006 


151 
3008 


167 30: 
4006 4006 


ALGOVR 


161 30: 
4008 4008 


SSMUSE 


This subsection details the serial spindle parameters (in the four 
thousands for 167 , and in the four thousands for 307, and in the three 
thousands for 157) among the parameters related to the velocity 
control mode. For details of other parameters, refer to the Connection 
Manual (Function) of each CNC. 


(a) For Series 167/181/211 
“FANUC Series 161/18i/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(b) For Series 3037/3 11/321 
“FANUC Series 3071/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
(c) For Series 151 
“FANUC Series 151-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 





#7 #6 #5 #4 #3 #2 #1 #0 
| | fmcovel PE 
Sets a spindle analog override range. 


0: Oto 100% (standard setting value) 
1: Oto 120% 


#7 #6 #5 #4 #3 #2 #1 #0 
| | ssmuse! =| | | 
Sets whether to use the sub module SM (SSM). 


0: Does not use the sub module SM. 
1: Uses the sub module SM. 


NOTE 
If the SSM is not used (SSMUSE = 0), the maximum 
motor speed (parameter No. 4020) needs to be 
limited so that the counter electromotive voltage 


from the synchronous built-in spindle motor does not 
exceed the overvoltage alarm level of the spindle 
amplifier (SP). If a proper limit is exceeded, the 
spindle amplifier (SP) can be damaged. 
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151 
3009 


151 
3012 


167 30: 
4009 4009 


LDTOUT 


OVRTYP 


167 30: 
4012 4012 


SYSP 


SPHRV 


161 30: 
4019 4019 


PRLOAD 


#7 #6 #5 #4 #3 #2 #1 #0 
j— —Jowrrve|. ——— |uprour| =] = 


Whether to output the load detection signals (LDT1 and LDT2) during 

acceleration/deceleration 

0: Not output during acceleration/deceleration. (standard setting 
value) 

1: Output (at all times) during acceleration/deceleration if the 
parameter-set level is exceeded. 


Analog override type 
0: Override of linear function type (standard setting value) 
1: Override of quadratic function type 


#7 #6 #5 #4 #3 #2 #1 #0 
fspurv| svsp | | | | | 
Sets whether to drive the synchronous built-in spindle motor. 

0: Enables inductive spindle motor driving. (standard setting value) 


1: Enables synchronous built-in spindle motor driving. 
Set to “1”. 


Sets the spindle HRV control function. 

0: Disables spindle HRV control. 

1: Enables spindle HRV control. (standard setting value) 
Set to “1”. 


NOTE 
When driving the BiS series spindle (synchronous 


built-in spindle motor), be sure to set both of the 
SYSP and SPHRV bits to 1. 





#7 #6 #5 #4 #3 #2 #1 #0 
proanf =| | | | CT 
Automatic parameter setting function 
0: Does not perform automatic parameter setting. (standard setting 

value) 

1: Performs automatic parameter setting. 

After setting a desired motor model code in parameter No. 4133 and 
setting this bit to 1, turn off the power to the CNC, then turn on the 
power to the CNC again. The parameters (No. 4000 to No. 4175) for 
the ai series spindle corresponding to the model code are 
automatically initialized. Upon completion of automatic setting, this 
bit is automatically set to 0. 
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151 167 30: 
3352 4352 4352 


PKHALW 


157 167 301 
3020 4020 4020 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3022 4022 4022 


Unit of data : 
Valid data range : 
Standard setting value : 


NOTE 
With FS157, the parameter address of this function is 
different, namely, bit O of No. 5607 is used. 
Moreover, note that the meanings of settings are 


reversed as follows. 

0 : Performs automatic parameter setting. 

1 : Does not perform automatic parameter setting. 
In this case, set a model code in parameter No. 
3133. 





#7 #6 #5 #4 #3 #2 #1 #0 
a a ee ee ee 
Sets the peak hold function for load meter output. 


0: Does not use the peak hold function. (standard setting value) 
1: Uses the peak hold function. 


Maximum motor speed 


min" 

0 to 32767 

Depends on the motor model. 

This parameter sets a maximum spindle motor speed. 


A\ WARNING 

1 The spindle motor may rotate at the maximum 
spindle motor speed specified by this parameter. 
Therefore, this parameter must not be set to a 
value greater than the maximum rotation speed 


indicated by the specification of the spindle motor. 
If the sub module SM (SSM) is not used, the 
maximum motor speed needs to be limited. Limit 
the maximum motor speed according to Section 
1.4, "SUB MODULE SM", in Part IV. 





Speed arrival detection level 


0.1% 

0 to 1000 

150 

This parameter sets a speed arrival signal (SARA) detection range. 
When the motor speed reaches within +(setting data/10)% of a 
specified speed, the speed arrival signal (SARA) is set to 1. 
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157 167 301 
3023. 4023 4023 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3024 4024 4024 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3025 4025 4025 


Unit of data : 
Valid data range : 
Standard setting value : 
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Speed detection level 


0.1% 

0 to 1000 

30 

This parameter sets a speed detection signal (SDTA) detection range. 
When the motor speed is (setting data/10)% of a maximum speed or 
less, the speed detection signal (SDTA) is set to 1. 


Speed zero detection level 


0.01% 

0 to 10000 

75 

This parameter sets a speed zero detection signal (SSTA) detection 
range. 

When the motor speed is (setting data/100)% of a maximum speed or 
less, the speed zero detection signal (SSTA) is set to 1. 


NOTE 
If a calculated speed zero detection level exceeds 
200 min”, the speed zero detection level is clamped 


to 200 min". (9D53 series B (02) edition or later, 
9D70 series A (01) edition or later, and 9D80 series 
B (02) edition or later) 





Torque limitation value. 


1% 
0 to 100 
50 
This parameter sets a torque limitation value to be applied when the 
torque limitation command HIGH (TLMHA) or the torque limitation 
command LOW (TLMLA) is specified. 
The data indicates limitation values when the maximum torque is 
100%. 

Torque limitation 

command 
LOW(TLMLA) 


Torque limitation 
command 
HIGH(TLMHA) 


Description 


No torque limitation is imposed. 

The torque is limited to the value 
set in this parameter. 

The torque is limited to a half of 
the value set in this parameter. 
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157 167 301 
3026 4026 4026 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3027 4027 4027 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3030 4030 4030 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3040 4040 4040 
3041 4041 4041 


Unit of data : 
Valid data range : 
Standard setting : 


Load detection level 1 


1% 

0 to 100 

83 

This parameter sets a load detection signal 1 (LDT1A) detection 
range. 

When the output of the spindle motor is (setting data)% of the 
maximum output or more, load detection signal 1 (LDT1A) is set to 1. 


Load detection level 2 


1% 

0 to 100 

95 

This parameter sets a load detection signal 2 (LDT2A) detection 
range. 

When the output of the spindle motor is (setting data)% of the 
maximum output or more, load detection signal 2 (LDT2A) is set to 1. 


Soft start/stop setting time 


Imin’'/sec 
0 to 32767 


oO 


This parameter sets an acceleration value (speed change rate) when the 
soft start/stop function is enabled (when the soft start/stop signal 
SOCNA = 1). 


NOTE 
When 0 is set, the soft start/stop function is disabled. 


CTH1A=0 
CTH1A=1 


Velocity loop proportional gain on velocity control mode (HIGH) 





Velocity loop proportional gain on velocity control mode (LOW) 


0 to 32767 

10 

This data is used to set the velocity loop proportional gain on velocity 
control mode. 

When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 
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157 


167 


3048 4048 
3049 4049 


157 
3056 
3057 
3058 
3059 


30: 
4048 
4049 


Unit of data : 
Valid data range : 
Standard setting : 


167 
4056 
4057 
4058 
4059 


301 
4056 
4057 
4058 
4059 


Unit of data : 


Valid data range : 
Standard setting : 


157 
3081 


167 
4081 


30 
4081 


Unit of data : 
Valid data range : 
Standard setting value : 


Velocity loop integral gain on velocity control mode (HIGH) CTH1A=0 





Velocity loop integral gain on velocity control mode (LOW) CTH1A=1 


0 to 32767 

10 

This data is used to set the velocity loop integral gain on velocity 
control mode. 

When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 


Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
Gear ratio (LOW) CTH1A=1, CTH2A=1 





(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These data are used to set the gear ratio between spindle and spindle 
motor. 

Usually, set 100. 


NOTE 
When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 
the spindle can continue rotating without stopping at 
the time of orientation. So, be sure to set a proper 
gear ratio. 





Delay time until the motor power is turned off 


10ms 

0 to 1000 

20(200ms) 

This parameter sets a period of time from the stop of the motor 
(detection of the speed zero detection signal SSTA set to 1) until the 
power to the motor is turned off if the SFR/SRYV signal is off. 


NOTE 
When a small value is set in this parameter, the 


motor can coast after the power to the motor is 
turned off. 
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157 167 301 
3082 4082 4082 


Unit of data : 
Valid data range : 
Standard setting value : 


Setting of acceleration/deceleration time 


lsec 

0 to 255 

10 

This parameter sets a period of time in which alarm detection is 
disabled by assuming that the spindle motor is being accelerated or 
decelerated even if the velocity error exceeds the velocity error excess 
alarm (spindle alarm 02) level after start of acceleration/deceleration 
on the velocity control mode. 

In the velocity control mode, a step-by-step speed command is 
specified. So, the spindle motor cannot follow up the command 
immediately after start of acceleration/deceleration, and the velocity 
error exceeds the velocity error excess alarm level. This parameter is 
used to prevent the velocity error excess alarm (spindle alarm 02) 
from being detected incorrectly immediately after start of 
acceleration/deceleration. 


NOTE 
With a machine tool such as a lathe that has a large 
load inertia, the acceleration/deceleration time 


becomes longer. In such a case, set the value 
corresponding to the acceleration/deceleration time 
of the machine in this parameter. 
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157 167 301 


3508 4508 4508 Rate of change in acceleration at soft start/stop 


Unit of data: 10min’'/sec” 
Valid data range: 0 to 32767 
Standard setting: 0 
This parameter sets the jerk (the rate of change in acceleration) when 
the soft start/stop function is enabled (soft start/stop signal SOCNA = 
1). 


Acceleration in velocity command 
(min’/sec) 









Increase in 
acceleration 


Initial 
acceleration 





Time(sec) 


T a 


Starts changing velocity command 
issued from CNC at this point. 


Increase in acceleration = 10 x setting in parameter No. 4508 x T 
Initial acceleration = Setting in parameter No. 4030 


NOTE 
1 This parameter is valid with 9D53 series B (02) 
edition or later, 9070 series A (01) edition or later, 


and 9D80 series B (02) edition or later. 
2 If Ois set, a liner type velocity command is observed 
when the soft start/stop function is enabled. 





2.1.7 Troubleshooting 


For this subsection, see Subsection 2.1.7, "Troubleshooting", in Part I. 
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2.2 POSITION CODER METHOD SPINDLE ORIENTATION 





2.2.1 Start-up Procedure 


For this subsection, see Subsection 2.2.1, "Start-up Procedure", in Part 
IL 


2.2.2 Overview 


For this subsection, see Subsection 2.2.2, "Overview", in Part I. 


2.2.3 Feature 


For this subsection, see Subsection 2.2.3, "Feature", in Part I. 


2.2.4 System Configuration 


The system configurations that enable the use of the position coder 
method orientation function are shown below. 


(1) When the oiBZ sensor or aiCZ sensor is used 


[Sample system configuration] 
aiBZ sensor or aiCZ sensor 


[ Spindle+ 
ll fl Bult-in motor 

















2.2.5 Stop Position Specification Method 


For this subsection, see Subsection 2.2.5, "Stop Position Specification 
Method", in Part I. 


2.2.6 I/O Signals (CNC <> PMC) 


For this subsection, see Subsection 2.2.6, "I/O Signals (CNC © 
PMC)", in Part I. 
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2.2.7 


2.2.8 


Examples of Sequences 


For this subsection, see Subsection 2.2.7, "Examples of Sequences", in 
Part I. 


Related Parameters 


Parameter No. 





3015#0 


16i 


4015#0 


4015#0 


Description 


Specifies whether to use the spindle orientation function. (Set this bit to 1.) 
(The CNC software option is required.) 





5609#2 


3702#3,#2 


3729#0 


Specifies whether to use the spindle orientation function with the stop 
position external setting type. (For 16i, #2: First spindle, #3: Second 
spindle) 





3003#0 


4003#0 


4003#0 


Choice of orientation method (Set this bit to 0.) 





3003#3,#2 


4003#3, #2 


4003#3, #2 


Direction of rotation in spindle orientation 





3017#7 


4017#7 


4017#7 


Shortcut function when orientation is specified in stop state 





3031 


4031 


4031 


Stop position for position coder method orientation 
(This parameter is disabled when spindle orientation with an externally set 
stop position or an externally set incremental command is used.) 





3042 
3043 


4042 
4043 


4042 
4043 


Velocity loop proportional gain for orientation 
(A parameter is selected by the CTH1A input signal.) 





3050 
3051 


4050 
4051 


4050 
4051 


Velocity loop integral gain for orientation 
(A parameter is selected by the CTH1A input signal.) 





3056 to 3059 


4056 to 4059 


4056 to 4059 


Spindle-to-motor gear ratio 
(A parameter is selected by the CTH1A and CTHZA input signals.) 





3060 to 3063 


4060 to 4063 


4060 to 4063 


Position gain for orientation 
(A parameter is selected by the CTH1A and CTHZA input signals.) 





3064 


4064 


4064 


Rate of change in the position gain upon completion of spindle orientation 





3075 


4075 


4075 


Detection level for the spindle orientation completion signal 





3076 


4076 


4076 


Speed limit ratio for spindle orientation 





3077 


4077 


4077 


Spindle orientation stop position shift 





3038 








4038 


4038 





Spindle orientation speed 


NOTE 


1 For the parameters related to detectors, see the 
Section 1.3, “PARAMETERS RELATED TO 
DETECTORS?’ in the Part IV. 

For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part IV. 
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2.2.9 Details of Related Parameters 


151 167 301 
3003 4003 4003 


DIRCT2, DIRCT1 


PCMGSL 
151 = 161 = 
3017 4017 4017 


NRROEN 


157 167 301 
3031 4031 4031 


Unit of data : 
Valid data range : 
Standard setting : 


#7 


#6 #5 #4 #3 #2 #1 #0 
| | irre fore: [pcwesi| 


Setting of rotation direction at spindle orientation 
DIRCT2 | DIRCT1 Rotation direction at spindle orientation 
By rotation direction immediately before 
(It is CCW at the power on.) 
By rotation direction immediately before 





(It is CW at the power on.) 

CCW (counterclockwise) direction looking from shaft of 
motor 

CW (clockwise) direction looking from shaft of motor 

















Selects the type of orientation. 
Set this bit to 0 (orientation by a position coder). 


#7 #6 #5 #4 #3 #2 #1 #0 


Specifies whether to use the shortcut function when orientation is 
specified in the stop state. 

0: Does not use the function. 

1: Uses the function. 

When this bit is set to 1, short cut operation is performed when the 
following conditions are satisfied: 

e _ Bit 7 of parameter No. 4016 (RFCHK3) is set to 0. 

e Zero speed detection output signal SSTA is set to 1. 

e Shortcut command input signal NRROA is set to 1. 


Position coder method orientation stop position 


+1 pulse unit (360 degrees/4096) 

0 to 4096 

0 

This data is used to set the stop position of position coder method 
spindle orientation. It can be set at every 360 degrees/4096. 

When stop position external command type orientation and 
incremental command external type orientation are set, this parameter 
becomes invalid. 

Stop position command (SHA11-SHA00) of input signal instructed 
becomes valid. 
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157 167 301 
3038 4038 4038 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 30 
3042 4042 4042 
3043. 4043 4043 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3050 4050 4050 
3051 4051 4051 


Unit of data : 
Valid data range : 
Standard setting : 
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Spindle orientation speed 


Imin™ 

0 to 32767 

0 

This parameter sets the orientation speed at the end of the spindle. 
When 0 is specified for this parameter, the orientation speed is 
determined depending on the position gain and the motor speed limit 
ratio for orientation. 


Velocity loop proportional gain on orientation (HIGH) CTH1A=0 





Velocity loop proportional gain on orientation (LOW) CTH1A=1 


0 to 32767 

10 

This parameter sets the velocity loop proportional gain for spindle 
orientation. 

When the CTHIA input signal is set to 0, proportional gain for the 
HIGH gear is selected. When the CTH1A input signal is set to 1, 
proportional gain for the LOW gear is selected. 


Velocity loop integral gain on orientation (HIGH) CTH1A=0 
1 





Velocity loop integral gain on orientation (LOW) CTH1A= 


0 to 32767 

10 

This parameter sets the velocity loop integral gain for spindle 
orientation. 

When the CTH1A input signal is set to 0, integral gain for the HIGH 
gear is selected. When the CTH1A input signal is set to 1, integral 
gain for the LOW gear is selected. 
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157 
3056 
3057 
3058 
3059 


167 
4056 
4057 
4058 
4059 


301 
4056 
4057 
4058 
4059 


Unit of data : 


Valid data range : 
Standard setting : 


157 
3060 
3061 
3062 
3063 


167 
4060 
4061 
4062 
4063 


301 
4060 
4061 
4062 
4063 


Unit of data : 
Valid data range : 
Standard setting : 


157 
3064 


167 
4064 


301 
4064 


Unit of data : 
Valid data range : 
Standard setting : 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 
Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
Gear ratio (LOW) CTH1A=1, CTH2A=1 


(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These parameters set the gear ratio of the spindle motor relative to the 
spindle. 

Usually, set 100. 


NOTE 
When an improper value is set in these 
parameters, an unexpected operation can occur. 
For example, the spindle can continue rotating 
without stopping at the time of orientation. So, be 
sure to set a proper gear ratio. 





Position gain on orientation (HIGH) CTH1A=0, CTH2A=0 
Position gain on orientation (MEDIUM HIGH) CTH1A=0, CTH2A=1 
Position gain on orientation (MEDIUM LOW) CTH1A=1, CTH2A=0 
Position gain on orientation (LOW) CTH1A=1, CTH2A=1 

0.01sec™ 

0 to 32767 

1000 


These parameters set the position gain for orientation. 
A parameter is selected by the CTHIA and CTH2A input signals. 


Modification rate of position gain on orientation completion 


1% 

0 to 799 

100 

This data is used to set the modification rate of position gain on 
spindle orientation completion. 
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157 167 301 
3075 4075 4075 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3076 4076 4076 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3077 4077 4077 


Unit of data : 
Valid data range : 
Standard setting : 





Orientation completion signal detection level (limits of in-position) 


+1 pulse unit (360 degrees/4096) 

0 to 100 

10 

This data is used to set the detecting level of orientation completion 
signal (ORARA). 

When the spindle position is located within the setting data on 
orientation completion, the bit of orientation completion signal 
(ORARA) in the spindle control signals is set to "1". 

When the orientation command (ORCMA) is turned off (= 0), the 
orientation completion signal (ORARA) is set to "0". 


Motor speed limit ratio on orientation 


1% 

0 to 100 
33 

This data is used to set motor speed limit ratio on orientation. 

The value calculated from the position gain (No. 4060 to No. 4063) 
and this parameter as indicated below is used as an orientation speed 
and reference position return speed on servo mode (rigid 
tapping/spindle positioning). 

Orientation speed of motor (motor speed) 

(Speed limit ratio) 


= 60x (Position gain)/100 x (Gear ratio) x 00 


[min] 


Orientation stop position shift value 


+1 pulse unit (360 degrees/4096) 

-4095 to 4095 

0 

In the position coder method orientation, set this data to shift stop 
position. 

Spindle is shift No. of setting pulse in CCW direction, and stops by 
data (+). 


2.2.10 Adjusting the Orientation Stop Position Shift Parameter 


For this subsection, see Subsection 2.2.11, "Adjusting the Orientation 
Stop Position Shift Parameter", in Part I. 
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2.3 
2.3.1 


2.3.2 


2.3.3 


RIGID TAPPING 


Start-up Procedure 


For this subsection, see Subsection 2.3.1, "Start-up Procedure", in Part 
IL 


Overview 
For this subsection, see Subsection 2.3.2, "Overview", in Part I. 
System Configuration 


The system configurations that enable the use of rigid tapping are 
shown below. 


(1) When the aiBZ sensor or aiCZ sensor is used 


2.3.4 


2.3.5 


[Sample system configuration] 
aiBZ sensor or aiCZ sensor 


[ Spindle+ 
l te, Bult-in motor 














List of I/O Signals (CNC <~ PMC) 


For this subsection, see Subsection 2.3.4, "List of I/O Signals (CNC 
<> PMC)", in Part I. 


Sequence 


For this subsection, see Subsection 2.3.5, "Sequence", in Part I. 
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2.3.6 


Related Parameters 


Parameter No. 





16i 
5210 


5210 


Description 


M code of rigid tapping command 





5606#6 


5202#0 
(M series only) 


5202#0 


Whether to perform orientation (reference position return) when starting 
rigid tapping 





3706#1 #0 
3707#1 #0 


Gear ratio between spindle and position coder, 1:1, 1:2, 1:4, 1:8 





5842 


3720 


Number of pulse of the position coder 





5200#1 


Selection of arbitrary gear ratio between spindle and position coder 





5852 
5855 
5858 
5861 


5221 
5222 
5223 
5224 


5221 
5222 
5223 
5224 


Teeth number of spindle side at arbitrary gear ratio (command) setting 
(167/307: No. 5224 is used for the T series only.) 





5851 
5854 
5857 
5860 


5231 
5232 
5233 
5234 


5231 
5232 
5233 
5234 


Teeth number of position coder side at arbitrary gear ratio (command) 
setting (167/307: No. 5234 is used for the T series only.) 





3065 to 3068 


5280 
5281 to 5284 


5280 
5281 to 5284 


Position gain of tapping axis at rigid tapping (167/307: No. 5284 is used for 
the T series only.) 





5605#1 


Acc./Dec. type (Set to 1.) 





5711 


5241 
5242 
5243 
5244 


5241 
5242 
5243 
5244 


Spindle maximum speed at rigid tapping (167/307: No. 5244 is used for the 
T series only.) 





5605#2 
5757 
5886 
5889 
5892 


Spindle speed for determining an acceleration value for cutting feed on 
rigid tapping 





5605#2 
5751 
5886 
5889 
5892 


Acc./Dec. time constant (167/30i: No. 5264 is used for the T series only.) 





5605#2 
5752 
5885 
5888 
5891 
5894 


FL speed for spindle and drilling axis acceleration/deceleration on rigid 
tapping 





5200#4 


5200#4 


Override selection at extracting 





5883 


5211 


5211 


Override value at extracting 





5201#2 
5271 to 5274 


5201#2 
5271 to 5274 


Time constant at extracting (No. 5274 is used for the T series only.) 





5203#2 


Feed-forward function at rigid tapping 





5300 


5300 


In-position width of tapping axis 





5301 


5301 


In-position width of spindle 





5310 
5341 


5310 


Allowable level of position error of tapping axis at moving 





5311 


5311 


Allowable level of position error of spindle at moving 





5312 


5312 


Allowable level of position error of tapping axis at stop 











5313 


5313 





Allowable level of position error of spindle at stop 
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Parameter No. 





5853 
5856 
5859 
5862 


16i 


5321 to 5324 


5321 to 5324 


Description 


Backlash of spindle 
(167: No. 5322 and No. 5324 are used for the T series only. 
307: No. 5324 is used for the T series only.) 





3000#4 


4000#4 


4000#4 


Reference position return direction on servo mode 





300245 


4002#5 


4002#5 


Whether to enable the rotation direction signal (SFR/SRV) on servo mode 





3006#7 


4006#7 


4006#7 


Setting of the command arbitrary gear ratio function (CMR) on rigid 
tapping 





4037 


Velocity loop feed-forward coefficient 





3044 
3045 


4044 
4045 


4044 
4045 


Velocity loop proportional gain on servo mode/spindle synchronous 
control 
(It is selected by input signal CTH1A/B.) 





3052 
3053 


4052 
4053 


4052 
4053 


Velocity loop integral gain on servo mode/spindle synchronous control 
(It is selected by input signal CTH1A/B.) 





3056 to 3059 


4056 to 4059 


4056 to 4059 


Gear ratio between spindle and motor 
(It is selected by input signal CTH1A or CTH2A) 





3065 to 3068 


4065 to 4068 


4065 to 4068 


Spindle position gain on servo mode/spindle synchronous control 
(It is selected by input signal CTH1A or CTH2A) 





3073 


4073 


4073 


Grid shift amount on servo mode 





3074 


4074 


4074 


Reference position return speed on Cs contouring control/servo mode 





3091 


4091 


4091 


Position gain change ratio at reference position return time on servo mode 











4344 





Advanced preview feed-forward coefficient 


NOTE 

1 For the parameters related to detectors, see Section 
1.3, “PARAMETERS RELATED TO DETECTORS” 
in the Part |. 

2 For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part I. 
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2.3.7 Details of Related Parameters 


151 
3000 


151 
3002 


167 30: 
4000 4000 


RETSV 


167 30: 
4002 4002 


SVMDRT 


This subsection details the serial spindle parameters (in the four 
thousands for 167, and in the four thousands for 307, and in the three 
thousands for 157) among the parameters related to rigid tapping. For 
details of other parameters, refer to the Connection Manual (Function) 
of each CNC. 
(a) For Series 167/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Section 9.11, “RIGID TAPPING.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3071/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Section 11.11, “RIGID TAPPING.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.8, “RIGID TAPPING.” 





#7 #6 #5 #4 #3 #2 #1 #0 
PT ersvf ET 
Reference position return direction on servo mode (rigid 
tapping/spindle positioning) 

0: The spindle performs a reference position return operation in the 
CCW (counterclockwise) direction. 


The spindle performs a reference position return operation in the 
CW(clockwise) direction. 


— 


#7 #6 #5 #4 #3 #2 #1 #0 
| | svmrr} | | 


Whether to enable the rotation direction signal (SFR/SRV) function 

on servo mode (rigid tapping/spindle positioning) 

0: Enables the rotation direction function. 

If a move command from the CNC is positive (+), 

(a) The spindle rotates in the CCW direction when the input 
signal SFR (bit 5 of G70) = 1. 

(b) The spindle rotates in the CW direction when the input 
signal SRV (bit 4 of G70) = 1. 

Disables the rotation direction function. 

If a move command from the CNC is positive (+), the spindle 

rotates in the CCW direction when the input signal SFR = 1 or 

SRV = 1. 


a 
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157 167 301 
3006 4006 4006 


RGTCMR 


30: 
4037 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 


3044 4044 4044 


3045 4045 4045 


Unit of data : 
Valid data range : 
Standard setting value : 
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#7 #6 #5 #4 #3 #2 #1 #0 
[ecce  ee  ( 
Sets the command arbitrary gear ratio function (CMR) on rigid 
tapping. 

0: Disables the command arbitrary gear ratio function. 

1: Enables the specified arbitrary gear ratio function. 

Set this parameter to | when rigid tapping is performed using a signal 

from the sensor built-into the motor as a position feedback signal and 

the gear ratio between the motor and spindle is other than 1:1. 

When using the command arbitrary gear ratio function (CMR 

function), set the following as well: 

e —_ Enabling an arbitrary gear ratio between the spindle and position 
coder (bit 1 of No. 5200 = 1) 

e Parameters for the number of gear teeth on the spindle side (No. 
5221 to No. 5224) 


e Parameters for the number of gear teeth on the position coder 
side (No. 5231 to No. 5234) 


Velocity loop feed-forward coefficient 


0 to 32767 

0 

This parameter sets a velocity loop feed-forward coefficient for using 
feed-forward control. Set the result of calculation of the following 
expression: 

[spindle inertia + rotor inertia](kg-m7) 

Maximum motor torque (N-m) 





Setting = 214466 x 


Velocity loop proportional gain on servo mode/spindle synchronous control 
(HIGH) CTH1A=0 


Velocity loop proportional gain on servo mode/spindle synchronous control 


(LOW) CTH1A=1 





0 to 32767 

10 

These parameters set a velocity loop proportional gain on servo mode 
(rigid tapping/spindle positioning) or spindle synchronous control. 
When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 
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151 


3052 


3053 


151 161 301 
3056 4056 4056 
3057 4057 4057 
3058 4058 4058 
3059 4059 4059 

Unit of data : 
Valid data range : 
Standard setting : 


167 


4052 


4053 


Unit of data : 
Valid data range : 
Standard setting value : 


30 


4052 


4053 


Velocity loop integral gain on servo mode/spindle synchronous control (HIGH) 
CTH1A=0 





Velocity loop integral gain on servo mode/spindle synchronous control (LOW) 
CTH1A=1 


0 to 32767 

10 

These parameters set a velocity loop integral gain on servo mode 
(rigid tapping/spindle positioning) or spindle synchronous control. 
When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 


Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 


Gear ratio (LOW) CTH1A=1, CTH2A=1 





(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These data are used to set the gear ratio between spindle and spindle 
motor.Usually, set 100. 


NOTE 
When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 


the spindle can continue rotating without stopping at 
the time of orientation. So, be sure to set a proper 
gear ratio. 
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151 161 301 
3065 4065 4065 
3066 4066 4066 
3067 4067 4067 
3068 4068 4068 

Unit of data : 
Valid data range : 


Standard setting value : 


157 
3073 


157 
3074 


167 
4073 


Unit of data : 
Valid data range : 
Standard setting value : 


167 
4074 


Unit of data : 
Valid data range : 
Standard setting value : 


301 
4073 


30: 
4074 


Spindle position gain on servo mode/spindle synchronous control (HIGH) 
CTH1A=0, CTH2A=0 


Spindle position gain on servo mode/spindle synchronous control (MEDIUM 
HIGH) 
CTH1A=0, CTH2A=1 


Spindle position gain on servo mode/spindle synchronous control 
(MEDIUM LOW) CTH1A=1, CTH2A=0 


Spindle position gain on servo mode/spindle synchronous control (LOW) 
CTH1A=1, CTH2A=1 





0.01sec™ 

0 to 32767 

1000 

These parameters set a position gain on servo mode (rigid 
tapping/spindle positioning) or spindle synchronous control. A 
parameter is selected according to the input signals CTHIA and 
CTH2A. 


Grid shift amount on servo mode 


1 pulse unit (360 degrees/4096) 

0 to 4095 

0 

This parameter is used to shift the reference position on servo mode 
(rigid tapping/spindle positioning). 

The reference position of the spindle is shifted in the CCW direction 
by the specified number of pulses. 


Reference position return speed on Cs contouring control/servo mode 


min’ 
0 to 32767 
0 
e When 0 is set 
The value calculated from the position gain (No. 4065 to No. 
4068) and orientation-time speed limit ratio (No. 4076) as 
indicated below is used as a reference position return speed on 
servo mode (rigid tapping/spindle positioning). 
Reference position return speed (motor speed) = 

60x Position gain Sees c ratios Speed ratio min] 
When a value other than 0 is set 
The value set in this parameter is used as a reference position 
return speed on servo mode (rigid tapping/spindle positioning). 
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157 167 301 
3091 4091 4091 


Unit of data : 
Valid data range : 
Standard setting value : 


151 161 30: 
4344 


Unit of data : 
Valid data range : 
Standard setting value : 


2.3.8 


2.3.9 


Position gain change ratio at reference position return time on servo mode 


1% 

0 to 100 

100 

This parameter sets a position gain change ratio at reference position 
return time on servo mode (rigid tapping, spindle positioning, and so 
forth). 


NOTE 
An overshoot can occur at reference position return 
time for a cause such as an excessively high 


reference position return speed and an excessively 
large spindle inertia. In this case, an overshoot can 
be avoided by setting a small value in this 
parameter. 





Advanced preview feed-forward coefficient 


0.01% 

0 to 10000 

0 

This parameter sets a feed-forward coefficient for using feed-forward 
control. Set the same value as for the servo axis simultaneously 
subjected to interpolation. 


Parameter Setting Procedure 


For this subsection, see Subsection 2.3.8, "Parameter Setting 


Procedure", in Part I. 


Adjustment Procedure 


(1) Parameters used for adjustment 


The table below lists and describes the parameters used for adjusting 
rigid tapping. 


Parameter No. (FS16i) Description 


Maximum spindle speed on rigid tapping (Depends on the GR signal. No. 5244 is 
for the T series only.) 


5241 to 5244 





5261 to 5264 


Acceleration/deceleration time constant on rigid tapping (Depends on the GR 
signal. No. 5264 is for the T series only.) 





5280 to 5284 


Position gain of tapping axis on rigid tapping (No. 5280 is for all gears. Nos. 5281 to 
5284 depend on the GR signal. No. 5284 is for T series only.) 





4065 to 4068 


Spindle position gain on rigid tapping (depends on CTH1A and CTHZ2A signals) 





4044 to 4045 


Velocity loop proportional gain on rigid tapping (depends on CTH1A signal) 





4052 to 4053 








Velocity loop integral gain on rigid tapping (depends on CTH1A signal) 
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(2) Spindle data used for adjustment 


Check board setting address 


Adjust the parameters while observing the motor speed, torque 
command, velocity error, synchronous error, and other waveform by 
using a spindle check board and oscilloscope or SERVO GUIDE. The 
table below lists spindle check board settings for observing the 
waveform. 


Settings Observing data 





Output to CH1 


Output to CH2 


Velocity error 
+128 min” at +5 V 
+256min' at +5 V if d-06 (d-10) is set to 13 








Torque command 

Maximum positive/negative torque command at +5 V 
Maximum positive/negative torque command at +2.5 V 
if d-O06 (d-10) is set to 8 





Synchronous error (value converted for the spindle: 
4096 pulses/rev) 

+128 pulses at +5 V 

+256 pulses at +5 V if d-06 (d-10) is set to 1 

+512 pulses at +5 V if d-06 (d-10) is set to 2 








Motor speed 

+8192 min” at +5 V 

+4096 min” at +5 V if d-06 (d-10) is set to 17 
+2048 min" at +5 V if d-06 (d-10) is set to 16 











NOTE 
When observing the synchronous error of Series 16i, set the 
following parameters: 
No. 3700, #7 = 1: 
Uses the synchronous error output (maintenance function). 
(Return the setting to 0 after the observation is completed.) 
No. 5203, #7 =1: 
Sets a synchronous error update cycle. 
(Return the setting to 0 after the observation is completed.) 
No. 5204, #0 =0: 
Displays the synchronous error on the diagnosis screen. 
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(3) Adjustment procedure 


(3)-1 Specifying an acceleration/deceleration time constant (1): 
Specifying a provisional value 


Before optimizing the acceleration/deceleration time constant, adjust 
the gain to improve the response. Following (a) or (b) below, specify a 
provisional acceleration/deceleration time constant according to the 
target maximum speed. 


(a) Specifying a provisional time constant according to the velocity waveform in 
actual acceleration/deceleration 


Observe the motor velocity waveform (velocity control mode) in 
acceleration up to the maximum rigid tapping speed. Specify such a 
provisional time constant that the inclination (acceleration) during 
rigid tapping acceleration becomes about a half of the inclination of a 
tangent to the motor velocity waveform near the location of maximum 
speed. See the sample waveform shown below. 





Mote sseser 
4096 min” / 5V 













Nr. Maximum rigid tapping speed (No. 5241 to 5244) 
4000 min’ in this example 
Time of acceleration by the maximum torque at Nr 
About 400 ms in this example 


Rigid tapping acceleration/deceleration time constant 
(No. 5261 to 5264) 800 ms, which is two times fa, in 
this example 











In this example, the maximum rigid tapping speed Nr is set to 4000 
min’. To determine the acceleration/deceleration time constant, the 
motor velocity waveform in acceleration up to 4000 min” is observed. 
If the acceleration is performed with the maximum motor torque at 
4000 min’, the acceleration time ta needed to attain 4000 min’ is 
about 400 ms, as shown above. This is the minimum value of 
acceleration/deceleration time constant tr, which can be specified 
without consideration of cutting load. A time constant that can be 
specified in consideration of cutting load is usually about 1.2 to 1.5 
times this value. As a provisional value for gain adjustment, 
approximately double (800 ms) is specified here. 
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(b) Specifying a value calculated from the relationship between the maximum 
torque and spindle inertia 
Specify an acceleration/deceleration time constant calculated from the 
following expression: 
_ JImlkgm?]+JL[kgm”] | 27 


tr[ms] = 28 —— 8 =x = x Nr[min |] x GR x1000 x 2 
T max(Nr)[Nm] 60 

tr[ms] : Acceleration/deceleration time constant on rigid 
tapping (No. 5261 to 5264) 

Nr{min"}: Maximum spindle speed on rigid tapping (No. 5241 
to 5244) 

GR : Spindle-motor gear ratio (Motor rotation per spindle 
rotation) 

Tmax(Nr) [Nm]: Maximum torque of spindle motor at Nr 

Jm [kgm’]: Rotor inertia of spindle motor 

JL[kgm’]: Spindle load inertia(converted for the motor shaft) 


(3)-2 Specifying a position gain 

Specify an initial value of about 2000(20 sec’') to 3000(30 sec’'), then 
adjust the value as needed. Basically, specify identical values for the 
spindle and tapping axis. 

After specifying the position gain, check whether the spindle is 
operating as designed. For that purpose, check that the position error 
(value displayed on the CNC screen) during stable rotation at the 
maximum speed is almost the same as the theoretical value. This 
theoretical value is calculated as shown below. If the theoretical value 
is substantially different, re-check the parameters related to position 
gain, gear ratio, and detector. 


Perr(Nr)[ pulse] = Nelmin “| x 4096| pulse/ rev] x ae 

PGlsec™} 
Perr(Nr) [pulse] : Position error in stable rotation at Nr 
Nr [min]: Maximum speed on rigid tapping 
PG [sec]: Position gain on rigid tapping 


If the gear ratio is 1:1 at Nr=4000 min’! and PG=3000 (30 sec”), the 
position error in stable rigid tapping at Nr is calculated as follows: 


Perr( Nr) = e000 
60 





x 4096 x x = 9102 pulse] 
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(3)-3 Specifying a velocity loop gain 


Refer to Section 4.1, “WELOCITY LOOP GAIN ADJUSTMENT?” for 
details of the velocity loop proportional/integral gain. Adjust the 
velocity loop proportional/integral gain so that the velocity error 
decreases. 

During the adjustment, observe the velocity error and motor speed. 
Sample waveforms before and after the adjustment are shown below: 


(a) Waveform before adjustment (No. 4044 = 10, (b) Waveform after adjustment (No. 4044 = 20, 


No. 4052 = 10) 


No. 4052 = 60) 





12.5 min /div 





CH2 : Motor speed i 
2048 min’ ‘/div : 












CH1 : Velo¥ity"deviation | 


selene even penn ne oonporfoneoonfo denen 









CH1 : Velocity deviation 
12.5 min‘ ‘/div i 





CH2 : Motor. speed : 
2048 min’ ‘/div : 

















(3)-4 Specifying an acceleration/deceleration time constant (2) : 
Specifying an optimum value 


Observing the torque command and motor speed, make a final 
adjustment of the time constant. Adjust the time constant in 
consideration of the actual cutting load, so that the peak torque at air 
cut becomes about 70% to 80% (3.5 to 4.0 V) of the maximum value. 
Sample waveforms before and after the adjustment are shown below: 


(a) Waveform before adjustment (No. 5261 = 800) (b) Waveform after adjustment (No. 5261 = 480) 








50% / div 





2048 min/ div 






CH1 : Torque. command. BEN oe ak tate 






CH2 : Motor speed : 


4 






CH1.: Torque 
50% / di 


evo bedbecdonbes loeb Jpocbeeonfondceonbndeecbeefon nee senor enone donee 





CH2:Motorspeed\ of 
2048 min / div 
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(3)-5 Checking the synchronous error 

The spindle adjustment ends when the adjustments described in above 
procedures are completed. After the spindle adjustment, check the 
synchronous error between the spindle and servo axis, which will be 
an index of rigid tapping precision. 
The synchronous error is a difference between the spindle position 
error and the servo axis position error converted for the spindle. 

SYNCER\|pulse] = PERsplpulse] — PERsvipulsel 

SYNCER [pulse]:Synchronous error 

(4096 pulses per spindle rotation) 
PERsp [pulse]:Spindle position error 
PERsv [pulse]:Servo axis position error converted for the spindle 


2.3.10 Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 2.3.10, "Diagnosis (Diagnosis 
Screen)", in Part I. 


2.3.11 Alarm 


For this subsection, see Subsection 2.3.11, "Alarm", in Part I. 
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2.4 Cs CONTOURING CONTROL 


2.4.1 Start-up Procedure 


For this subsection, see Subsection 2.4.1, "Start-up Procedure", in Part 
IL 


2.4.2 Overview 


For this subsection, see Subsection 2.4.2, "Overview", in Part I. 


2.4.3 | System Configuration 


The system configurations that enable the use of the Cs contouring 
control function are shown below. 


[System configuration example] 
aiBZ sensor or aiCZ sensor 


Spindle+ 
Bult-in motor 





2.4.4 List of I/O Signals (CNC <> PMC) 


For this subsection, see Subsection 2.4.4, "List of I/O Signals (CNC 
<> PMC)", in Part I. 


2.4.5 Examples of Sequences 


For this subsection, see Subsection 2.4.5, "Examples of Sequences", in 
Part I. 
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2.4.6 


Related Parameters 


Parameter No. 





1005#0 


16i 
1005#0 


1005#0 


Description 


Whether to use the reference position return function 





1005#2 


Sets automatic reference position return (G28). (Set “O”.) 





1005#3 


Set workpiece coordinate system preset at automatic reference position 
return time. (Set “1”.) 





1600#2,#1 #0 


1006#2 


1006#2 


Sets a linear axis/rotation axis. (Set “1”.) 





1600#3 


Sets a radius fora move command/rotation axis. (Set “O”.) 





1804#7 


Sets a Cs contouring control axis with a serial spindle. (Set “1”.) 





2203#1 


Sets machine position display on the CRT. (Set “1”.) 





3700#1 


3700#1 


Specifies whether to enable the reference position return function for the 
first GOO command received after switching to Cs contouring control. 





3712#2 


3712#2 


Sets the Cs axis coordinate establishment function. 





1012 
#3,#2,41 #0 


1004 
#1,#0 


1013 
#3,#2,#1 #0 


Increment system 
(Usually, set and use IS-B.) 





1020 


1020 


1020 


Program axis name 





1022 


1022 


Sets an axis of the basic coordinate system. (Set “O”.) 





1023 


1023 


1023 


Servo axis number (Set “-1”.) 





1028 


Spindle number of Cs contouring control axis 





1260 


1260 


Movement per rotation of rotation axis (Set “360.0”.) 





1420 


1420 


Rapid traverse rate 





1620 


1620 


Linear acceleration/deceleration time constant for rapid feed 





1820 


1820 


Command multiplication (Usually, set "2" [= CMR 1].) 





5879 


1826 


In-position width 





5880 


1828 


Position error limit during movement 





5881 


1829 


Position error limit when stopped 





5882 


Position error limit when the servo system is off 





5609#0 


Sets a position gain for a servo axis subject to interpolation with the Cs 
contouring control axis. 
("0": Automatically set, "1": Not automatically set. Usually, set "0".) 





3900 
3910 
3920 
3930 
3940 


3900 
3910 
3920 
3930 
3940 


Servo axis number subject to interpolation with the Cs contouring control 
axis 





3901 to 3904 
3911 to 3914 
3921 to 3924 
3931 to 3934 
3941 to 3944 


3901 to 3904 
3911 to 3914 
3921 to 3924 
3931 to 3934 
3941 to 3944 


Position gain of a servo axis subject to interpolation with the Cs contouring 
control axis 





5843 


Number of pulses of position detector for Cs contouring control 





3000#1 


4000#1 


4000#1 


Spindle rotation direction for a positive motion command on Cs contouring 
control mode 





3000#3 


4000#3 


4000#3 


Direction of reference position return when the system enters Cs contouring 
control mode 





3002#4 


4002#4 


4002#4 


Whether to use the rotation direction signal (SFR/SRV) function on Cs 
contouring control 





3005#0 


4005#0 


Sets the detection unit for Cs contouring control. 





3016#3 


4016#3 


4016#3 


Sets the smoothing function in feed-forward control. 





3021 


4021 


4021 


Maximum spindle speed on Cs contouring control mode 





3036 





4036 








Feed-forward coefficient 
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Parameter No. 


















































16; Description 

3037 4037 4037 Velocity loop feed-forward coefficient 

3046 4046 4046 Velocity loop proportional gain on Cs contouring control mode 

3047 4047 4047 (A parameter is selected by the CTH1A input signal sent from the PMC.) 

3054 4054 4054 Velocity loop integral gain on Cs contouring control mode 

3055 4055 4055 (A parameter is selected by the CTH1A input signal sent from the PMC.) 
Spindle-to-motor gear ratio 

3056 to 3059 |4056 to 4059) 4056 to 4059 |(A parameter is selected by the CTH1A and CTHZA input signals sent from 
the PMC.) 
Position gain for axes subject to Cs contouring control 
Spee cae |eortooe! si tooe onale (A setioies is selected i the CTH1A eras sent from the PMC.) 

3074 4074 A074 Feedrate for reference position return on Cs contouring control mode or 
servo mode 

3092 4092 4092 Rate of change in the position gain when reference position return is 
performed on Cs contouring control mode 

3094 4094 4094 Disturbance torque compensating constant (acceleration feedback gain) 

3131 4131 4131 Velocity detection filter time constant (on Cs contouring control) 

3135 4135 4135 Grid shift on Cs contouring control mode 

3162 4162 4162 Velocity loop integral gain for cutting feed on Cs contouring control 

3163 4163 4163 (A parameter is selected by the PMC input signal CTH1A.) 

- - 4344 Advanced preview feed-forward coefficient 
- 4353#5 4353#5 —_|Sets the Cs axis position data transfer function. 
3406 4406 4A06 Olan time constant for Cs control reference position 








NOTE 
1 For the detector-related parameters, see Section 
1.3, "PARAMETERS RELATED TO DETECTORS", 


in Part IV. 

2 For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part IV. 
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2.4.7 Details of Related Parameters 


151 
3000 


167 30: 
4000 4000 


ROTA2 


RETRN 


This subsection details the serial spindle parameters (in the four 
thousands for 167, in the four thousands for 301, and in the three 
thousands for 157) among the parameters related to Cs contouring 
control. For details of other parameters, refer to the Connection 
Manual (Function) of each CNC. 
(a) For Series 167/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Section 9.9, “Cs CONTOUR CONTROL.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3071/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Section 11.9, “Cs CONTOUR CONTROL.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.7, “Cs CONTOUR CONTROL.” 





#7 #6 #5 #4 #3 #2 #1 #0 
Pt ere | oraz | 
Indicates the spindle direction by the move command (+). (Only 
effective on Cs contouring control) 

0: When the value of a move command from the CNC is positive 
(+), the spindle rotates in the CCW direction. 

1: When the value of a move command from the CNC is positive 
(+), the spindle rotates in the CW direction. 

Change the setting of this parameter when changing the rotation 
direction of the spindle on Cs contouring control. 





Indicates the reference position return direction on Cs contouring 

control. 

0: Returns the spindle from the CCW direction to the reference 
position (counterclockwise direction). 

1: Returns the spindle from the CW direction to the reference 
position (clockwise direction). 
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151 
3002 


151 
3005 


151 
3016 


16i 30: 
4002 4002 
CSDRCT 
16i 30: 
4005 4005 
CS360M 
16i 30: 
4016 4016 
FFSMTH 


#7 


#6 #5 #4 #3 #2 #1 #0 
ee eal Te = lespren|a s,s fe = allt 


Whether to use the rotation direction signal (SFR/SRV) on Cs 

contouring control 

0: Rotation direction function enabled 

(1) When bit 1 (ROTA2) of No. 4000 = 0, and the value of a 
move command from the CNC is positive (+) 

(a) The spindle rotates counterclockwise when input 
signal SFR(G70#5) is set to 1. 

(b) Tithe spindle rotates clockwise when input signal 
SRV(G70#4) is set to 1. 

(2) When bit 1 (ROTA2) of No. 4000 = 1, and the value of a 
move command from the CNC is positive (+) 

(a) The spindle rotates clockwise when input signal 
SFR(G70#5) is set to 1. 

(b) The spindle rotates counterclockwise when input 
signal SRV(G70#4) is set to 1. 

Rotation direction function disabled 

The rotation direction function of the SFR/SRV signal is disabled. 

Only the function for enabling spindle motor excitation is 

available. 

(1) When bit 1 (ROTA2) of parameter No. 4000 is set to 0 
When the value of a move command from the CNC is 
positive (+), and SFR/SRV = 1, the spindle rotates in the 
CCW direction. 

(2) When bit 1 (ROTA2) of parameter No. 4000 is set to 1 
When the value of a move command from the CNC is 
positive (+), and SFR/SRV = 1, the spindle rotates in the 
CW direction. 


— 


#7 #6 #5 #4 #3 #2 #1 #0 
PE es] 
Sets the detection unit for Cs contouring control. 

0: 0.001° 

1: 0.0001° 


Set 0 usually. When a aiCZ sensor is used as the position detector and 
the setting unit IS-C is used, set 1. 


#7 #6 #5 #4 #3 #2 #1 #0 
a a ee 
Specifies whether to use the smoothing function under feed-forward 
control. 

0: Does not use the smoothing function. 

1: Uses the smoothing function. 


This bit specifies whether to use the smoothing function under 
feed-forward control on Cs contouring control mode. 
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157 167 30 
3021 4021 4021 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3036 4036 - 


Unit of data : 
Valid data range : 
Standard setting : 


151 167 30 
3037 4037 4037 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 
3046 4046 4046 
3047 4047 4047 


Unit of data : 
Valid data range : 
Standard setting : 
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Maximum speed on Cs contouring control mode 


100 

This parameter specifies the maximum speed of a spindle operating on 
Cs contouring control mode. 

When 0 is specified as the parameter for the feedrate for reference 
position return on Cs contouring control mode (parameter No. 4074), 
reference position return is performed at the speed specified as the 
maximum speed in this parameter. 


Feed-forward coefficient 


1% 
0 to 100 


oO 


Set the feed-forward coefficient when feed-forward control is 
executed on Cs contouring control. 


Velocity loop feed-forward coefficient 


0 to 32767 


oO 


Set a velocity loop feed-forward coefficient when feed-forward 
control is executed on Cs contouring control. Use the following 
expression to determine a value to be set: 

[spindle inertia + rotor inertia](kg-m7) 

Maximum motor torque (N-m) 





Setting = 214466 x 


Velocity loop proportional gain on Cs contouring control (HIGH) CTH1A=0 





Velocity loop proportional gain on Cs contouring control (LOW) CTH1A=1 


0 to 32767 

30 

These parameters specify the proportional gains of the velocity loop 
on Cs contouring control mode. 

When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 
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157 167 30 
3054 4054 4054 
3055 4055 4055 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 301 


3056 4056 4056 
3057 4057 4057 
3058 4058 4058 
3059 4059 4059 

Unit of data : 
Valid data range : 
Standard setting : 


157 167 30 


3069 4069 4069 
3070 4070 4070 
3071 4071 4071 
3072 4072 4072 

Unit of data : 
Valid data range : 
Standard setting : 
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Velocity loop integral gain on Cs contouring control (HIGH) CTH1A=0 





Velocity loop integral gain on Cs contouring control (LOW) CTH1A=1 


0 to 32767 

50 

These parameters specify the integral gains of the velocity loop for Cs 
contouring control mode. 

When the input signal CTHIA = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 


Gear ratio (MEDIUM LOW) 
Gear ratio (LOW) 


CTH1A=1, CTH2A=0 
CTH1A=1, CTH2A=1 





(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These parameters set the gear ratio of the spindle motor to the spindle. 
Usually, set 100. 


NOTE 
When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 
the spindle does not stop but keeps rotating at the 
time of orientation. So, be sure to set a proper gear 
ratio. 


Position gain on Cs contouring control (HIGH) 


CTH1A=0, CTH2A=0 
1 


Position gain on Cs contouring control (MEDIUM HIGH) CTH1A=0, CTH2A= 
Position gain on Cs contouring control (MEDIUM LOW) CTH1A=1, CTH2A=0 


CTH1A=1, CTH2A=1 





Position gain on Cs contouring control (LOW) 


0.01sec"! 

0 to 32767 

3000 

These parameters specify the position gains used on Cs contouring 
control mode. 

A parameter is selected by the input signals CTH1A and CTH2A. 
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151 167 301 


Speed for return to reference position on Cs contouring control mode/servo 
3074 4074 4074 mode 


Unit of data: = 1min™ 
Valid data range: 0 to 32767 
Standard setting: 0 
e When 0 is set 
The value set in No. 4021 (maximum spindle speed) is used as a 
reference position return speed on Cs contouring control. 
e When a value other than 0 is set 
The value set in this parameter is used as a reference position 
return speed on Cs contouring control. 


NOTE 
An overshoot can occur at reference position return 
time for a cause such as an excessively high 
reference position return speed by setting the 
parameter No. 4021 (maximum spindle speed on Cs 


contouring control mode). In this case, set this 
parameter. 


151 167 301 


The reduction rate of position loop gain in returning to the reference position 


3092 4092 4092 on Cs contouring mode 





Unit of data: 1% 
Valid data range: 0 to 100 
Standard setting: 100 
This parameter specifies a rate of change in the position gain used for 
reference position return on Cs contouring control mode. 


NOTE 
An overshoot can occur at reference position return 
time for a cause such as an excessively high 


reference position return speed and an excessively 
large spindle inertia. In this case, an overshoot can 
be avoided by setting a small value in this 
parameter. 
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151 167 301 


3094 4094 4094 


Unit of data : 
Valid data range : 
Standard setting : 


157 167 30 
3131 4131 4131 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3135 4135 4135 


Unit of data : 


Valid data range : 


Standard setting value : 


The constant of the torque disturbance compensating (Acceleration feedback 
gain) 


0 to 32767 

0 

This parameter specifies the constant for compensating for a 
disturbance torque on Cs contouring control mode. 


NOTE 
By setting this parameter, stability in cutting can be 


improved. 
In this parameter, set a value from 500 to 2000. 
Do not set a value exceeding 4000. 





Velocity detection filter time constant (on Cs contouring control) 


0.1ms 

0 to 10000 

0 

This parameter sets a filter time constant for the velocity feedback 
signal on Cs contouring control. Usually, set 0. 


Grid shift amount on Cs contouring control 


1 pulse unit (=0.001°) (0.0001° when bit 0 (CS360M) of parameter No. 
4005 is set to 1) 

-360000 to +360000 

(When parameter No. 4005 #0 (CS360M) is 1, -3,600,000 to 
+3,600,000) 

0 

Use this parameter to shift the machine reference position on Cs 
contouring control. 

The machine reference position of the spindle shifts by the set number 
of pulses in the CCW direction. 
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151 167 301 


3162 4162 4162 


3163 4163 4163 


Unit of data : 
Valid data range : 
Standard setting value : 


151 161 30: 
4344 


Unit of data : 


Valid data range : 
Standard setting value : 


151 167 30: 
4353 4353 


CSPTRE 


Velocity loop integral gain for cutting feed on Cs contouring control(HIGH) 
CTH1A=0 





Velocity loop integral gain for cutting feed on Cs contouring control(LOW) 
CTH1A=1 


0 to 32767 

0 

These parameters set a velocity loop integral gain for cutting feed 
(G01, G02, G03) on Cs contouring control. 

When the input signal CTH1A = 0, (HIGH) is selected. When the 
input signal CTHIA = 1, (LOW) is selected. 


NOTE 
When 0 is set in these parameters, the values set in 


No. 4054 and No. 4055 (velocity loop integral gain 
on Cs contouring control) are valid. 





Advanced preview feed-forward coefficient 


0.01% 

0 to 10000 

0 

This parameter sets a feed-forward coefficient for exercising 
feed-forward control when Cs contouring control is used. 


#7 #6 #5 #4 #3 #2 #1 #0 
| | csprre| | | | 
Sets the Cs axis position data transfer function. 
0: Disables the Cs axis position data transfer function. 
1: Enables the Cs axis position data transfer function. 


Set this parameter to 1 when using the Cs axis coordinate 
establishment function. 


NOTE 
This parameter is valid with 9D53 series B (02) 


edition or later, 9D70 series A (01) edition or later, 
and 9D80 series B (02) edition or later. 
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157 161 


Acceleration/deceleration time constant at return to the reference position in 
3406 4406 Cs contouring control 


Unit of data: Imsec 
Valid data range: 0 to 32767 
Standard setting: 0 
This parameter sets the acceleration to be used for returning to the 
reference position in Cs contouring control. Use of this parameter can 
reduce the shock due to acceleration/deceleration during return to the 
reference position. The spindle speed command during return to the 


reference position is then given as follows: 
One-rotation signal detected 









Reference 
position return 
speed 
(min’') 


Setting in : Setting in 
parameter No. parameter No. 
4406 4406 
(msec) (msec) 
Start of reference position return End of reference position return 


NOTE 
1 When Ois set in this parameter, a velocity command 
is assumed as follows. 
e Before detecting the one-rotation signal: 
Reference position return speed (step-type 


velocity command) 
e After detecting the one-rotation signal: 
Distance to the reference position x Position gain 
2 This parameter is enabled when soft start/stop signal 
SOCNA is 1. 





2.4.8 Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 2.4.8, "Diagnosis (Diagnosis 
Screen)", in Part I. 


2.4.9 Alarm 


For this subsection, see Subsection 2.4.9, "Alarm", in Part I. 
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2.5.1 Start-up Procedure 


For this subsection, see Subsection 2.5.1, "Start-up Procedure", in Part 
IL 


2.5.2 Overview 


For this subsection, see Subsection 2.5.2, "Overview", in Part I. 


2.5.3 System Configuration 


The system configurations that enable the use of the spindle 
synchronous control function are shown below. 


aiBZ sensor or aiCZ sensor 





[E 
Spindle + 
Built-in motor 




















JA7B 
JYA2 
SP 
JATA 
2nd spindle 
aiBZ sensor or aiCZ sensor 
Spindle + 
Built-in motor 
JA7B 
JYA2 
SP 
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2.5.4 Explanation of Operation 


For this subsection, see Subsection 2.5.4, "Explanation of Operation", 
in Part I. 


2.5.5 W/O Signals (CNC <~ PMC) 


For this subsection, see Subsection 2.5.5, "I/O Signals (CNC <— 
PMC)", in Part I. 


2.5.6 Examples of Sequences 


For this subsection, see Subsection 2.5.6, "Examples of Sequences", in 
Part I. 
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2.5.7 


Related Parameters 


Parameter No. 





16i 
4800#0 


30: 


Description 


Direction of rotation of the 1st spindle motor while spindle synchronous control is applied 





4800#1 


Direction of rotation of the 2nd spindle motor while spindle synchronous control is 
applied 





4801#0 


Direction of rotation of each spindle motor while spindle synchronous control is applied 





4810 


4810 


Error pulse difference between the two spindles for which to output the spindle phase 
synchronous control completion signal 





4811 


4811 


Error pulse difference between the two spindles for which to output the phase 
synchronous error monitor signal (SYCAL) 





4002#6 


4002#6 


Whether to enable the rotation direction signal (SFR/SRV) function on spindle 
synchronous control 





4006#1 


4006#1 


Gear ratio increment system 





4006#3 


4006#3 


Setting for disabling automatic one-rotation signal detection at spindle synchronous 
control mode switching time 





4032 


4032 


Acceleration used for spindle synchronous control 
(The same value must be set for both the 1st and 2nd spindles.) 





4033 


4033 


Spindle synchronous speed arrival level 





4034 


4034 


Shift amount for spindle phase synchronous control 





4035 


4035 


Compensation data for spindle phase synchronization 





4044 
4045 


4044 
4045 


Velocity loop proportional gain for spindle synchronous control 
(A parameter is selected by the CTH1A PMC input signal.) 





4052 
4053 


4052 
4053 


Velocity loop integral gain for spindle synchronous control 
(A parameter is selected by the CTH1A PMC input signal.) 





4056 to 4059 


4056 to 4059 


Spindle-to-motor gear ratio data 
(A parameter is selected by the CTH1A and CTH2A PMC input signals.) 





4065 to 4068 


4065 to 4068 


Position gain for spindle synchronous control 
(The same value must be specified for both the 1st and 2nd spindles.) 
(A parameter is selected by the CTH1A and CTH2A PMC input signals.) 





Magnetic flux switching point used for calculating an acceleration/deceleration time 
constant used for spindle synchronous control 
(The same value must be specified for both the 1st and 2nd spindles.) 





Bell-shaped acceleration/deceleration time constant for spindle synchronous control 
(The same value must be specified for both the first and second spindles. ) 





Incomplete integration coefficient 





Excessive speed deviation alarm detection level on spindle synchronous control 











Excessive positional deviation alarm detection level on spindle synchronous control 


NOTE 

1 For the detector-related parameters, see Section 
1.3, "PARAMETERS RELATED TO DETECTORS", 
in Part IV. 


For velocity loop proportional/integral gain 
adjustment, see Section 4.1, "VELOCITY LOOP 
GAIN ADJUSTMENT", in Part IV. 
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2.5.8 Details of Related Parameters 


16i 30 
4002 4002 
SYCDRT 

16i 30: 
4006 4006 
GRUNIT 


This subsection details the serial spindle parameters (in the four 
thousands for 167 and 307) among the parameters related to spindle 
synchronous control. For details of other parameters, refer to the 
Connection Manual (Function) of each CNC. 
(a) For Series 167/181/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.12, “SPINDLE SYNCHRONOUS 
CONTROL.” 
(b) For Series 3037/3 11/321 
“FANUC Series 3071/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.13, “SPINDLE SYNCHRONOUS 
CONTROL.” 


#7 


#6 #5 #4 #3 #2 #1 #0 
a a a a ee a 


Whether to enable the rotation direction signal (SFR/SRV) function 
on spindle synchronous control 
0: Enables the rotation direction function. 
If a move command from the CNC is positive (+), 
(a) The spindle rotates in the CCW (counterclockwise) 
direction when the input signal SFR (bit 5 of G70) = 1. 
(b) The spindle rotates in the CW (clockwise) direction when 
the input signal SRV (bit 4 of G70) = 1. 
1: Disables the rotation direction function. 
If a move command from the CNC is positive (+), the spindle 
rotates in the CCW (counterclockwise) direction when the input 
signal SFR = 1 or SRV = 1. 


#7 


#6 #5 #4 #3 #2 #1 #0 
| | svc} run] 


Sets a gear ratio setting resolution: 

0: 1/100 unit 

1: 1/1000 unit 

Select a gear ratio data setting resolution from the following: 

(a) Resolution based on motor speed increased by a factor of 100 
relative to one spindle rotation 

(b) Resolution based on motor speed increased by a factor of 1000 
relative to one spindle rotation 

Depending on the setting of this parameter, the increment system of 

the parameters indicated in the table below changes. 


Parameter No. 
163 30: 





Description 





4056 to 4059 4056 to 4059 =| Spindle-to-motor gear ratio data 
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SYCREF 


161 301 
4032 4032 


Unit of data : 
Valid data range : 
Standard setting : 


NOTE 

1 Usually, use the 1/100 unit (setting "O"). 

2 When the 1/100 unit is set as the gear ratio setting 
resolution (with the bit set to 0), a steady-state 


synchronous error may be indicated due to the 
fraction of the gear ratio. 

In such a case, the synchronous error can be 
improved when the 1/1000 unit is set as the gear 
ratio setting resolution (with the bit set to 1). 





Setting for function performing automatic detection of the 

one-rotation signal on spindle synchronous control 

0: Automatic detection of the one-rotation signal carried out 

1: Automatic detection of the one-rotation signal not carried out. 
(When spindle phase synchronization is not carried out) 

When the mode is switched to spindle synchronous control mode after 

power-on, the two spindles automatically perform a one-rotation 

signal detection operation. So, the spindles automatically make two to 

three turns even if such turns are not intended. 

This operation is required because the one-rotation signal must be 

detected to enable spindle phase synchronous control. 

If the two spindles are mechanically connected to disable each spindle 

from performing a one-rotation signal detection operation, or if 

spindle phase synchronous control is not exercised, the operation 

above can be disabled by setting this bit to 1. 

When this parameter is set to "1", check that the one-rotation signal 

has been detected for both spindles (output signal PCIDTA = 1) 

before applying the spindle phase synchronous control signal 

(SPPHS). 

If the one-rotation signal is not detected, specify a speed of several ten 

min’ or higher in spindle synchronous control mode, and wait until 

the one-rotation signal is detected. (See sequence example (4).) 


Acceleration at spindle synchronous control 


Imin’'/sec 

0 to 32767 

0 

This parameter sets an acceleration value for linear 
acceleration/deceleration when the synchronous speed command for 
spindle synchronous control is changed. 


NOTE 
1 Set exactly the same data for 1st spindle and 2nd 
spindle. When different data is set, synchronization 


between the two spindles is not guaranteed. 
When this parameter is set to 0, motor doesn’t 
accelerate/decelerate, so, be sure to set proper 
value in this parameter. 
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161 30 
4033 4033 


Unit of data : 
Valid data range : 
Standard setting : 


16i 30: 
4034 4034 


Unit of data : 
Valid data range : 
Standard setting : 


161 301 
4035 4035 


Unit of data : 
Valid data range : 
Standard setting : 


161 301 


4044 4044 


4045 4045 


Unit of data : 
Valid data range : 
Standard setting : 
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Spindle synchronous speed arrival level 


Imin’'/sec 

0 to 32767 

10 

For the synchronous speed command at spindle synchronous control, 
if the error of the respective spindle motor speeds are within the 
setting level, the spindle synchronous control complete signal 
(FSPSY) becomes "1". 


Shift amount at spindle phase synchronous control 


1 pulse unit (360 degrees/4096) 

0 to 4095 

0 

Sets the shift amount from the reference position (one-rotation signal) 
at spindle phase synchronous control. 


Spindle phase synchronous compensation data 


1 pulse/2msec 

0 to 4095 

10 

This parameter reduces speed fluctuations when aligning phase of 
spindles in spindle phase synchronous control. 

When this parameter is "0", since the phase alignment amount is only 
issued once, the position error quickly becomes large, and there are 
large speed changes on phase alignment. 

It is possible to perform smooth phase alignments through issuing 
separate commands for phase alignment amounts for the number of 2 
msec pulses set in this parameter. 


Velocity loop proportional gain on spindle synchronous control (HIGH) 
CTH1A=0 





Velocity loop proportional gain on spindle synchronous control (LOW) 
CTH1A=1 


0 to 32767 

10 

This sets velocity loop proportional gain on spindle synchronous 
control. 

It is selected HIGH when CTH1A=0 of input signal, and It is selected 
LOW when CTH1A=! of input signal. 
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161 30 
4052 4052 
4053 4053 
Unit of data : 
Valid data range : 
Standard setting : 
167 30: 
4056 4056 
4057 4057 
4058 4058 
4059 4059 
Unit of data : 
Valid data range : 
Standard setting : 
161 30: 
4065 4065 
4066 4066 
4067 4067 
4068 4068 
Unit of data : 
Valid data range : 


Standard setting : 


Velocity loop integral gain on spindle synchronous control (HIGH) CTH1A=0 





Velocity loop integral gain on spindle synchronous control (LOW) CTH1A=1 


0 to 32767 

10 

This sets velocity loop integral gain on spindle synchronous control. It 
is selected HIGH when CTH1A=0 of input signal, and It is selected 
LOW when CTH1A=! of input signal. 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
1 


Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A= 


Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 


Gear ratio (LOW) CTH1A=1, CTH2A=1 





(Motor rotation for one rotation of spindle) / 100 

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 

100 

These parameters set the gear ratio of the spindle motor to the spindle. 
Usually, set 100. 


NOTE 
When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 
the spindle does not stop but keeps rotating at the 
time of orientation. So, be sure to set a proper gear 
ratio. 


Position gain on spindle synchronous control (HIGH) CTH1A=0, CTH2A=0 


Position gain on spindle synchronous control (MEDIUM HIGH) 
CTH1A=0, CTH2A=1 


Position gain on spindle synchronous control (MEDIUM LOW) 
CTH1A=1, CTH2A=0 
CTH1A=1, CTH2A=1 





Position gain on spindle synchronous control (LOW) 


0.01sec™ 

0 to 32767 

1000 

This sets position gain in spindle synchronous control. It is selected by 
CTHI1A or CTH2A of input signal. 
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167 30: 
4336 4336 


Unit of data 
Valid data range : 
Standard setting : 


167 30: 


4340 4340 


Unit of data : 
Valid data range : 
Standard setting : 


Acceleration switch point on spindle synchronous control 


min" 
0 to 32767 
0 
The acceleration for spindle synchronous control changes according to 
the speed set in this parameter as follows: 
e Area where the spindle speed does not exceed the speed set in 
this parameter 
The acceleration for spindle synchronous control is constant (as 
set in parameter No. 4032). 
e Area where the spindle speed exceeds the speed set in this 
parameter 
The acceleration for spindle synchronous control decreases in 
inverse proportion to the speed. 


NOTE 
1 Set the same data for the first spindle and second 
spindle. If different data is set, synchronization 


between the two spindles is not guaranteed. 

When this parameter is set to 0, linear 
acceleration/deceleration (constant acceleration) is 
performed. 





Bell-shaped acceleration/deceleration time constant for spindle synchronous 
control 


lmsec 

0 to 512 

0 

This parameter sets a bell-shaped acceleration/deceleration time 
constant for spindle synchronous control. 

This parameter is applied to the move command after "Acceleration at 
spindle synchronous control" (parameter No. 4032) is applied. 

When this parameter is set, the spindle synchronous speed control 
completion signal (FSPSY), output when the synchronous speed is 
first reached after the spindle synchronous control mode is entered, is 
delayed by the set time. 


NOTE 
Set the same data for the first spindle and second 


spindle. If different data is set, synchronization 
between the two spindles is not guaranteed. 
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16i 30: 
4346 4346 


Unit of data : 
Valid data range : 
Standard setting : 


167 30: 


4515 4515 


Unit of data : 
Valid data range : 
Standard setting : 


Incomplete integration coefficient 


0 to 32767 


oO 


Set this parameter to use incomplete integration for velocity loop 
integration control. 


NOTE 
Usually, this parameter need not be adjusted. 


Excessive speed deviation alarm detection level on spindle synchronous 
control 


Imin'! 
0 to 32767 


oO 


This parameter sets a level for detecting the excessive speed deviation 
alarm under spindle synchronous control. 

If the positional deviation (position error) or the difference between 
the speed command for the spindle end calculated from the position 
gain and the actual spindle speed exceeds the value set in this 
parameter in the spindle synchronous control mode, the excessive 
speed deviation alarm under spindle synchronous control (spindle 
alarm C8) is detected. When this parameter is set to 0, alarm detection 
is disabled. 


If the speed integration control signal (INTG) is used, the speed 
deviation increases for a cause such as acceleration/deceleration and 
cutting load. The spindle speed deviation that causes torque command 
saturation is indicated below. Set an alarm level by using a calculated 
value as a guideline. (During spindle synchronous control, ensure that 
torque command saturation does not take place.) 


Spindle speed deviation [min''] = 1024 x A/P x B/G 


where 


No.4006#1 No.4009#0 




















P: Velocity loop proportional gain on spindle synchronous 
control (No.4044, 4045) 
G: Gear ratio (No.4056 to 4059) 


NOTE 
This parameter is valid with 9D53 series E (05) 





edition or later, 9D70 series D (04) edition or later, 
and 9D80 series B (02) edition or later. 
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167 30: 


Excessive positional deviation alarm detection level on spindle synchronous 
4516 4516 control 


Unit of data: 100 pulses (weight of 4096 pulses/rev) 

Valid data range: 0 to 32767 

Standard setting: 0 
This parameter sets a level for detecting the excessive positional 
deviation alarm under spindle synchronous control. 
If the positional deviation (position error) exceeds the value set in this 
parameter in the spindle synchronous control mode, the excessive 
positional deviation alarm under spindle synchronous control (spindle 
alarm C9) is detected. When this parameter is set to 0, alarm detection 
is disabled. 


As an alarm level, set a value greater than the positional deviation 
(position error) equivalent to the spindle speed specified in the spindle 
synchronous control mode. The positional deviation equivalent to the 
spindle speed can be calculated from the following expression: 


Positional deviation [pulse] = 
Spindle speed [min’'] / 60 x 4096 x 100 / PG 
where 
PG: Position gain on spindle synchronous control (No.4065 to 
4068) 


NOTE 
This parameter is valid with 9D53 series E (05) 


edition or later, 9D70 series D (04) edition or later, 
and 9D80 series B (02) edition or later. 





2.5.9 Number of Error Pulses in Spindle Synchronous Control 


For this subsection, see Subsection 2.5.9, "Number of Error Pulses in 
Spindle Synchronous Control", in Part I. 


2.5.10 Specifying a Shift Amount for Spindle Phase Synchronous 
Control 


For this subsection, see Subsection 2.5.10, "Specifying a Shift 
Amount for Spindle Phase Synchronous Control", in Part I. 


2.5.11 Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 2.5.11, "Diagnosis (Diagnosis 
Screen)", in Part I. 


2.5.12 Alarm 


For this subsection, see Subsection 2.5.12, "Alarm", in Part I. 
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2.6 SPECIFICATIONS COMMON TO ALL OPERATION MODES 


2.6.1 Overview 
For this subsection, see Subsection 2.6.1, "Overview", in Part I. 


2.6.2 List of I/O Signals (CNC <> PMC) 


This subsection provides a list of the I/O signals related to spindle 
speed control only. For details of each signal, refer to the Connection 
Manual (Function) of each CNC. 


(a) For Series 161/181/211 
“FANUC Series 161/18i/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(b) For Series 3037/3 11/321 
“FANUC Series 3072/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
(c) For Series 151 
“FANUC Series 15i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 


For details of the I/O signals common to the CNCs, see Chapter 3, 
"I/O SIGNALS (CNC < PMC)", in Part IV. 


(1) Input signals (PMC —+ CNC) 
(a) Series 16: 


#0 


tse Gosz_ |_Roat_| Rov | Rosi | Rosi_| Roa | Rosi | Roa | Row | 

and 034 |_Rosi2 | Rovi2 | Rosi2 | Rosi2 | Ros2 | Rosi2 | Rozz | Rove | 

ts- Goss. | _sinp | ssin | son | | ria | rin [ Rio | Roo | 

and- 035 |_sinpa | sina | son2 | [_ Ria | rine | rto | Rosia | 
*1 These signals are valid in multi-spindle control. 
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(b) Series 30: 


Common to allaxes G027 nc “Say Bria SWS2 Sws1 
(*1) See 1) — 


Common to allaxes G028 


ts Gosz_|_Rost_| Ro7i_| Rost_| Rosi | Roa | Rosi_| Roa | Rot | 
and- 034 |_rosi2 | Rov2 | Rost2 | Rosi2 | Rosi2 | Rosiz | Rozz | Rowi2 | 


and- 035 L_sinpa | sina | son2 | | Riza | rise | rtoz | Rooi2 | 
NOTE 
*1 These signals are valid in multi-spindle control. 


#7 #6 #5 #4 #3 #2 #1 #0 


st co2e | | esaa | csaa | cst | | | 
anc cara | | sas | cosas | csp | | | | 


(d) Common to CNCs 
15 16i 30i #7 #6 #5 #4 #3 #2 #1 #0 





(c) Series 15: 
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(2) Output signals (CNC — PMC) 


(a) Series 16: 


(b) Series 30: 


F001 
FOO7 
FO22 
F023 
F024 
F025 
F034 


F036 
F037 


F001 
FOO7 
FOQ22 
F023 
F024 
F025 
F034 


F036 
F037 











[raao | nore | rose | oso | noo | roo | ro20 | 
Coe ee Ca ee 






Taso | wove [nose | noso | movo | roao | R20 
as a TSR a 


NOTE 
“1 These signals are valid with the M series only. 
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(b) Series 153 


Common to all axes F008 
Common to all axes F020 
Common to all axes F021 
Common to all axes F022 


Common to all axes F023 


Common toatlaxes Fo4s | | [srsroy} | | | 


1st- F341 
2nd- F342 











(c) Common to CNCs 
















15i 161 30: #7 #6 #5 #4 #3 #2 #1 #0 
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2.6.3 Parameters 


This subsection describes those parameters that are common to all 
operation modes by dividing them into several types. 


NOTE 
For the detector-related parameters, see Section 


1.3, "PARAMETERS RELATED TO DETECTORS", 
in Part IV. 





(1) List of parameters specific to synchronous built-in spindle motor driving 


This item provides a list of the motor parameters specific to 
synchronous built-in spindle motor driving. Usually, the settings of 
these parameters need not be changed. Use the values indicated on a 
parameter table for each motor model without modification. 


Parameter No. 
16i 
3006#4 4006#4 4006#4 Sets the d-phase current command. 
3008#3 4008#3 4008#3 Sets the current command. 
3008#4 4008#4 4008#4 Sets the method of output control. 
3009#5 4009#5 4009#5 _|Sets base speed (for BiS160L4/6000) 
3011#3 4011#3 4011#3 Sets the number of motor poles. 
3011#4 4011#4 4011#4 Sets a maximum output for acceleration/deceleration. 
3011#7 4011#7 4011#7 Sets the number of motor poles. 
3012#2,#1 #0 |4012#2,#1 #0 | 4012#2,41 #0 |Sets a PWM carrier frequency. 
3012#6 4012#6 4012#6 Sets whether to drive the synchronous built-in spindle motor. 
3012#7 4012#7 4012#7 _|Sets the spindle HRV function. 
3013#6 to #2 | 4013#6 to #2 | 4013#6 to #2 |Sets current dead-band data. 
3020 4020 4020 Maximum motor speed 
3080 4080 4080 Limits regenerative power. 
3083 4083 4083 Current step selection/activation current ratio/stop confirmation 
time in magnetic pole detection 
3084 4084 4084 AMR offset 
3085 4085 4085 AMR offset fine adjustment 
3086 4086 4086 Inductance ratio 
3100 4100 4100 Base speed for motor output specification 
3101 4101 4101 Torque limitation value for motor output specification 
3102 4102 4102 Base speed at maximum load 
3103 4103 4103 Magnetic flux reduction start speed 
3104 4104 4104 Current loop proportional gain 
3106 4106 4106 Current loop integral gain 
3108 4108 4108 Current loop integral gain zero speed 
3109 4109 4109 Filter time constant in voltage command saturation processing 
3110 4110 4110 Current conversion constant 
3111 4111 4111 Maximum current coefficient 
Voltage command saturation decision level/PWM command clamp 
value 
3113 4113 4113 Current coefficient for magnetic flux reduction 
3115 4115 4115 PWM command clamp value at deceleration time 
3116 4116 4116 Counter electromotive voltage compensation coefficient 





Description 



















































































3112 4112 4112 
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Parameter No. 
16: 





Description 


Interference voltage compensation coefficient 
Interference voltage compensation 

Dead-band rectangular wave component zero voltage/dead-band 
data 

Load meter indication value at maximum output time 
Current phase delay compensation constant 

Motor model code 

Motor overheat level (2 words) 

Load meter compensation 1 

Load meter compensation 2 

Load meter compensation 3 






































(2) List of parameters related to alarm detection 
This item provides a list of the parameters related to alarm detection 
conditions. 


Parameter No. 
16i 





Description 


Motor power turn-off method when spindle alarm 24 (serial data 


3009#2 4009#2 4009#2 ae 
transfer error) is issued 





3087 4087 4087 Overspeed level 

3088 4088 4088 Velocity error excess detection level when the motor is bound 
3089 4089 4089 Velocity error excess detection level when the motor is rotating 
3090 4090 4090 Overload detection level 

3123 4123 4123 Short-time overload detection period 
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(3) Other parameters 


Parameter No. 





15: 


16 
3706#1 #0 


This item provides a list of the parameters common to all operation 
modes except the parameters listed in Items (1) and (2) above. 


Description 


Gear ratio between the spindle and position coder (cases of x1, x2, x4, x8) 





5602#3 


Whether to indicate an alarm detected by the spindle amplifier (Usually, set 0.) 





5807#0 


Enables/disables the spindle alarms (SPxxxx) of all spindles. (Usually, set 0.) 





5842 


3720 


Number of position coder pulses 





5850 


Spindle number selected at power-on/reset time 





3001#0 


4001#0 


4001#0 


Whether to use the MRDY signal (machine ready signal) 





3006#1 


4006#1 


4006#1 


Gear ratio increment system 





3009#0 


4009#0 


4009#0 


Velocity loop gain increment system 





3009#4 


4009#4 


4009#4 


Whether to output the load detection signals (_DT1, LDT2) during 
acceleration/deceleration 





3012#6 


401246 


4012#6 


Sets whether to drive the synchronous built-in spindle motor. 





3012#7 


4012#7 


4012#7 


Sets the spindle HRV function. 





3019#2 


4019#2 


4019#2 


Whether to perform torque clamping when the speed is zero 





3019#7 


4019#7 


4019#7 


Automatic parameter setting function 





3352#1 


4352#1 


4352#1 


Sets the peak hold function for load meter output. 





339543 


4395#3 


4395#3 


Sets parameter transfer from the CNC to spindle software. 





3020 


4020 


4020 


Maximum motor speed 





3022 


4022 


4022 


Speed arrival detection signal 





3023 


4023 


4023 


Speed detection level 





3024 


4024 


4024 


Speed zero detection level 





3025 


4025 


4025 


Torque limitation value. 





3026 


4026 


4026 


Load detection level 1 





3027 


4027 


4027 


Load detection level 2 





3056 


4056 


4056 


Gear ratio (High) 





3057 


4057 


4057 


Gear ratio (Medium High) 





3058 


4058 


4058 


Gear ratio (Medium Low) 





3059 


4059 


4059 


Gear ratio (Low) 





3095 


4095 


4095 


Speedometer output voltage adjustment value 





3096 


4096 


4096 


Load meter output voltage adjustment value 





3122 


4122 


4122 


Speed detection filter time constant 





3170 


4170 


4170 


Overload current alarm detection level 





3345 


4345 


4345 


Detection level of the spindle motor speed command 





3346 


4346 


4346 


Incomplete integral coefficient 





3351 








4351 


4351 





Current detection offset compensation 
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2.6.4 Details of Parameters 


This subsection details the serial spindle parameters (in the four 
thousands for 167, in the four thousands for 301, and in the three 
thousands for 157) among the parameters common to all operation 
modes. For details of other parameters, refer to the Connection 
Manual (Function) of each CNC. 
(a) For Series 167/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3021/3 11/32i-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Section 11.3, “SPINDLE SPEED CONTROL.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.3, “SPINDLE SPEED CONTROL.” 





(1) List of parameters specific to spindle motor driving 
Usually, the settings of the motor parameters specific to synchronous 
built-in spindle motor driving need not be changed. Their details are 
omitted. 


(2) List of parameters related to alarm detection 
This item details the parameters related to alarm detection conditions. 


151 167 30: #7 


#6 #5 #4 #3 #2 #1 #0 


ALSP Motor power turn-off method when spindle alarm 24 (serial data 
transfer error) is issued 
0: Turns off the power after the motor is decelerated and stopped. 
1: Turns off the power to the motor immediately. 
Set this parameter to | to turn off the power to the motor immediately 
when any spindle alarm is issued 


157 167 301 


3087 4087 4087 Overspeed level 


Unit of data: 1% 
Valid data range: 0 to 200 
Standard setting value: 115 
This parameter sets an overspeed level. 
When the speed exceeds [maximum motor speed (No. 4020) x setting 
data (%)], the overspeed alarm (spindle alarm 07) is issued. 


/A\. WARNING 


Make sure this parameter is set to the standard 
setting value. Do not change the value. 
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157 167 301 
3088 4088 4088 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3089 4089 4089 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3090 4090 4090 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3123 4123 4123 


Unit of data : 
Valid data range : 
Standard setting value : 
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Velocity error excess detection level when the motor is bound 


1 

This parameter sets a velocity error excess (spindle alarm 31) 
detection level when the motor is bound. 

If a velocity error equal to or greater than [maximum motor speed (No. 
4020) x setting data (%)] occurs when the motor is bound, for 
example, the motor binding alarm (spindle alarm 31) is issued. 


Velocity error excess detection level when the motor is rotating 


0.1% 

0 to 1000 

200 

This parameter sets a velocity error excess detection level when the 
motor is rotating. 

If a velocity error equal to or greater than [maximum motor speed (No. 
4020) x setting data (%)] occurs, the velocity error excess alarm 
(spindle alarm 02) is issued. 


Overload detection level 


1% 

0 to 100 

90 

This parameter sets a condition for detecting the short-time overload 
alarm (spindle alarm 29). 

If the state where a load equal to or greater than setting data (%) 
(maximum motor output [load meter full scale] = 100%) is imposed 
on the spindle motor lasts for a specified period (set in No. 4123) or 
more, the short-time overload alarm (spindle alarm 29) is issued. 


Short-time overload detection period 


lsec 

0 to 500 

30 

This parameter sets the timing for detecting the short-time overload 
alarm (spindle alarm 29). 

If the state where a load equal to or greater than the specified value 
(set in parameter No. 4090) is imposed on the spindle motor lasts for 
at least the period specified in this parameter, the short-time overload 
alarm (spindle alarm 29) is issued. 
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(3) Other parameters 


151 
3001 


153 
3006 


151 
3009 


16i 303 
4001 4001 
MRDY1 
16i 303 
4006 4006 
GRUNIT 
16i 303 
4009 4009 
VLPGAN 
LDTOUT 


This item details the parameters common to all operation modes 
except the parameters listed in Items (1) and (2) above. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee eee 
Whether to use the MRDYA signal (machine ready signal) 


0: Does not uses the MRDYA signal (MRDYA = | at all times). 
1: Uses the MRDYA signal. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee eee 
Sets a gear ratio setting resolution: 

0: 1/100 unit 

1: 1/1000 unit 

Select a gear ratio data setting resolution from the following: 

(a) Resolution based on motor speed increased by a factor of 100 
relative to one spindle rotation 

(b) Resolution based on motor speed increased by a factor of 1000 
relative to one spindle rotation 

Depending on the setting of this parameter, the increment system of 

the parameters indicated in the table below changes. 


Parameter No. 
16i 30 





Description 





153 i 
3056 to 3059 | 4056 to 4059 |4056 to 4059 Spindle-to-motor gear ratio data 


NOTE 
Usually, use the 1/100 unit (setting "0"). 


#7 #6 #5 #4 #3 #2 #1 #0 
| ftrowr} | | fran 
Velocity control loop gain increment system 


0: Uses ordinary setting. 
1: Divides ordinary setting data by 16 for processing. 


NOTE 
Usually, set this parameter to 0. 


Whether to output the load detection signals (LDT1, LDT2) during 
acceleration/deceleration 


0: Does not output the load detection signals during acceleration/ 
deceleration (standard setting value). 
1: Outputs the load detection signals during acceleration/ 


deceleration (at all times) when the parameter-set level is 
exceeded. 


- 593 - 


2.EXPLANATION OF OPERATION MODES FANUC BUILT-IN SPINDLE MOTOR BiS seriesB-65280EN/06 


151 
3012 


151 
3019 


167 30: 
4012 4012 


SYSP 


SPHRV 


167 30: 
4019 4019 


SSTTRQ 


PRLOAD 


#7 #6 #5 #4 #3 #2 #1 #0 
[spurv| svep | | | | TT 
Sets whether to drive the synchronous built-in spindle motor. 

0: Enables inductive spindle motor driving. (standard setting value) 


1: Enables synchronous built-in spindle motor driving. 
Set this parameter to 1. 


Sets the spindle HRV control function. 

0: Disables spindle HRV control. 

1: Enables spindle HRV control. (standard setting value) 
Set this parameter to 1. 


NOTE 
When driving the BiS series spindle (synchronous 


built-in spindle motor), be sure to set both of the 
SYSP and SPHRV bits to 1. 





#7 #6 #5 #4 #3 #2 #1 #0 
prcoan] =| | | stra] | 
Whether to perform torque clamping when the speed is zero 


0: Performs clamping. 
1: Does not perform clamping. 


NOTE 
Usually, set this parameter to 1 not to perform 
clamping. 





Automatic parameter setting function 

0: Does not perform automatic parameter setting (standard setting 
value). 

1: Performs automatic parameter setting. 

After setting a desired motor model code in parameter No. 4133 and 

setting this bit to 1, turn off the power to the CNC, then turn on the 

power to the CNC again. The parameters (No. 4000 to No. 4175) for 

the ai series spindle corresponding to the model code are 

automatically initialized. Upon completion of automatic setting, this 

bit is automatically set to 0. 


NOTE 
With FS15:, the parameter address of this function is 
different, namely, bit O of No. 5607 is used. 
Moreover, note that the meanings of settings are 


reversed as follows. 

0: Performs automatic parameter setting. 

1: Does not perform automatic parameter setting. 
In this case, set a model code in parameter No. 
3133. 
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151 167 30: 
3352 4352 4352 


PKHALW 


153 167 30: 
3395 4395 4395 


PRIMED 


157 167 301 
3020 4020 4020 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3022 4022 4022 


Unit of data : 
Valid data range : 
Standard setting value : 


#7 #6 #5 #4 #3 #2 #1 #0 
a a ee ee ee 
Sets the peak hold function for load meter output. 


0: Does not use the peak hold function. (standard setting value) 
1: Uses the peak hold function. 


#7 #6 #5 #4 #3 #2 #1 #0 
Sets parameter transfer from the CNC to spindle software. 
0: Regards parameters as valid one second after they are transferred 
from the CNC. (Standard setting value) 


Regards parameters as valid as soon as they are transferred from 
the CNC. 


— 


NOTE 
This parameter is valid with 9D53 series B (02) 


edition or later, 9070 series A (01) edition or later, 
and 9D80 series B (02) edition or later. 





Maximum motor speed 


min" 

0 to 32767 

Depends on the motor model. 

This parameter sets a maximum spindle motor speed. 


NOTE 
If the sub module SM (SSM) is not used, the 


maximum motor speed needs to be limited. See 
Section 1.4, “SUB MODULE SM,” in Part IV and limit 
the maximum motor speed. 





Speed arrival detection level 


0.1% 

0 to 1000 

150 

This parameter sets a speed arrival signal (SARA) detection range. 
When the motor speed reaches within +(setting data/10)% of a 
specified speed, the speed arrival signal (SARA) is set to 1. 
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157 167 301 
3023. 4023 4023 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3024 4024 4024 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3025 4025 4025 


Unit of data : 
Valid data range : 
Standard setting value : 





Speed detection level 


0.1% 

0 to 1000 

30 

This parameter sets a speed detection signal (SDTA) detection range. 
When the motor speed is (setting data/10)% of a maximum speed or 
less, the speed detection signal (SDTA) is set to 1. 


Speed zero detection level 


0.01% 

0 to 10000 

75 

This parameter sets a speed zero detection signal (SSTA) detection 
range. 

When the motor speed is (setting data/100)% of a maximum speed or 
less, the speed zero detection signal (SSTA) is set to 1. 


NOTE 
If the calculated speed zero detection level exceeds 


200 min", it is clamped at 200 min”. (9D53 series B 
(02) edition or later, 9D70 series A (01) edition or 
later, and 9D80 series B (02) edition or later) 





Torque limitation value. 


1% 
0 to 100 
50 
This parameter sets a torque limitation value to be applied when the 
torque limitation command HIGH (TLMHA) or the torque limitation 
command LOW (TLMLA) is specified. 
The data indicates limitation values when the maximum torque is 
100%. 

Torque limitation 


command 
LOW (TLMLA) 


Torque limitation 
command 
HIGH (TLMHA) 


Description 


No torque limitation is imposed. 

The torque is limited to the value 
set in this parameter. 

The torque is limited to a half of 
the value set in this parameter. 
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157 
3026 


157 
3027 


Valid data range : 
Standard setting value : 


151 161 301 
3056 4056 4056 
3057 4057 4057 
3058 4058 4058 
3059 4059 4059 

Unit of data : 
Valid data range : 
Standard setting : 


167 
4026 


Unit of data : 
Valid data range : 
Standard setting value : 


167 30: 
4027 4027 
Unit of data : 


30 
4026 


Load detection level 1 


This parameter sets a load detection signal 1 (LDT1A) detection range. 
When the output of the spindle motor is (setting data)% of the 
maximum output or more, load detection signal 1 (LDT1A) is set to 1. 


Load detection level 2 


1% 

0 to 100 

95 

This parameter sets a load detection signal 2 (LDT2A) detection range. 
When the output of the spindle motor is (setting data)% of the 
maximum output or more, load detection signal 2 (LDT2A) is set to 1. 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
1 


Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A= 


Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 


Gear ratio (LOW) CTH1A=1, CTH2A=1 





(Motor rotation for one rotation of spindle) / 100 
(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000) 
0 to 32767 
100 
These data are used to set the gear ratio between spindle and spindle 
motor. 
Example : 
When the spindle rotates once, set "250" as the data when the 
motor rotates 2.5 times. 
A parameter is selected with the CTHIA and CTH2A input signals. 
Set the gear or clutch status to correspond to the clutch/gear signal 
(CTH1A, CTH2A) in input signals. 


NOTE 
When an improper value is set in these parameters, 
an unexpected operation can occur. For example, 


the spindle can continue rotating without stopping at 
the time of orientation. So, be sure to set a proper 
gear ratio. 
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157 167 301 
3095 4095 4095 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3096 4096 4096 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 30 
3122 4122 4122 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3170 4170 4170 


Unit of data : 
Valid data range : 
Standard setting value : 


Speedometer output voltage adjustment value 


0.1% 
-1000 to +100(-100% to +10%) 


oO 


Set this parameter when making a fine adjustment of speedometer 
output voltage. 
Positive (+) data increases the output voltage. 


NOTE 
Usually, this parameter need not be adjusted. 


Load meter output voltage adjustment value 


0.1% 
-1000 to +100(-100% to +10%) 


oO 


Set this parameter when making a fine adjustment of load meter 
output voltage. 
Positive (+) data increases the output voltage. 


NOTE 
Usually, this parameter need not be adjusted. 


Speed detection filter time constant 


0.1ms 
0 to 10000 


oO 


This parameter sets a time constant for a filter to be applied to the 
velocity feedback signal. 


NOTE 
Usually, this parameter need not be adjusted. 


Overload current alarm detection level 


0 to 32767 
Depends on the motor model. 


NOTE 
Usually, this parameter need not be adjusted. 
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157 167 30 
3345 4345 4345 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3346 4346 4346 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 
3351 4351 4351 


Unit of data : 
Valid data range : 
Standard setting value : 


2.6.5 


Specified detection level of the spindle motor speed 


1 min’! 
0 to 32767 


oO 


This parameter sets the detection level of the spindle motor speed 
detection function. If the specified spindle motor speed is greater than 
the set value, the level of the speed specification detection signal 
output from the spindle amplifier to the CNC becomes 1. 

If the set value is 0, the level of the speed specification detection 
signal is always 0. 


Incomplete integral coefficient 


0 to 32767 


oO 


Set this parameter to use incomplete integral function for velocity loop 
integral control. 


NOTE 
Usually, this parameter need not be adjusted. 


Current detection offset compensation 


0 to +32767 


NOTE 
Usually, this parameter need not be adjusted. 


oO 


Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 2.6.5, "Diagnosis (Diagnosis 
Screen)", in Part I. 
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lO SIGNALS (CNC ~ PMC) 





This chapter explains the functions of the signals directly input from 
the PMC to spindle amplifier (SP) via the CNC and the signals 
directly output from the spindle amplifier (SP) to PMC. For other 
spindle-related I/O signals, refer to the Connection Manual (Function) 
of the relevant CNC. 
(a) For Series 161/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Chapter 9, “SPINDLE SPEED FUNCTION.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3071/3 11/327-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Chapter 11, “SPINDLE SPEED FUNCTION.” 
(c) For Series 151 

“FANUC Series 157-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.7, “SPINDLE SPEED FUNCTION.” 


- 600 - 


B-65280EN/06 FANUC BUILT-IN SPINDLE MOTOR BiS series 3.1/0 SIGNALS (CNC < PMC 


3.1 INPUT SIGNALS (PMC->CNC-»SP) 


This section explains the functions of the signals directly input from 
the PMC to spindle amplifier (SP) via the CNC. For other 
spindle-related input signals, refer to the Connection Manual 
(Function) of the relevant CNC. 
(a) For Series 161/181/211 

“FANUC Series 167/187/21i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63523EN-1 

Refer to Chapter 9, “SPINDLE SPEED FUNCTION.” 
(b) For Series 3037/3 11/321 

“FANUC Series 3071/3 11/321-MODEL A 

CONNECTION MANUAL (FUNCTION) : B-63943EN-1 

Refer to Chapter 11, “SPINDLE SPEED FUNCTION.” 
(c) For Series 151 

“FANUC Series 15i-MODEL B 

CONNECTION MANUAL (FUNCTION) : B-63783EN-1 

Refer to Section 9.7, “SPINDLE SPEED FUNCTION.” 


3.1.1 List of Input Signals 


15i 16i 30: #7 #6 #3 #2 #1 


#5 #4 #0 
1st’ G227.-G070.~—«GO70 ORCMA| SFRA | SRVA | CTH1A | CTH2A | TLMHA 


1st G229.-G072.—s«G072 INCMDA Tovrea | _[ nrroa] RoTaa | INDxa | 












































- 601 - 


3.1/0 SIGNALS (CNC < PMC) FANUC BUILT-IN SPINDLE MOTOR BiS series 


B-65280EN/06 


Explanation of Input Signals 


Torque limitation 
command LOW 





Torque limitation 
command HIGH 


The signals whose names are not listed in Subsection 3.1.1, "List of 
Input Signals", in Part IV are not supported by the BiS series spindle. 


Description 


These signals limit the output torque of the spindle motor. 
The limit value is set in spindle parameter No. 4025. 
TLML TLMH 
0 0 : Torque not limited 
0 1 : Limited to the parameter-set value 
1 0 : Limited to about half of the parameter-set value 
1 


1 : Limited to about half of the parameter-set value 





Clutch/gear signal 


These signals set the conditions listed below according to the clutch or gear 
status. 
The signals can also be used for selecting spindle control parameters. 
The names such as HIGH GEAR are given for convenience, and the 
correspondence to the actual gears is free. 
CTH1 CTH2 
0 0 
0 1 


: HIGH GEAR 
: MEDIUM HIGH GEAR 
1 0 : MEDIUM LOW GEAR 
1 1 : LOW GEAR 





Reverse rotation 
command 





Forward rotation 
command 


These signals set the rotation direction of the spindle motor when viewed from 
the shaft side. 
SRV SFR 
0 0 
0 1 


: Stopped 

: Forward rotation (CCW: Counterclockwise direction) 
1 0 : Reverse rotation (CW: Clockwise direction) 

1 1 : Stopped 





Spindle orientation 
command 


This signal is used to perform spindle orientation control. 
0: Turns off the spindle orientation command. 
1: Performs spindle orientation control. 





Machine ready signal 


0: Motor excitation is off. 
1: Ready for operation 





Spindle alarm reset 
signal 


This signal is used to reset spindle alarms. 


ined 


32 msec min. 


An alarm is reset when the signal status changes from "1" to 
"oO". 





Emergency stop signal 


: Emergency stop 
: Normal operation 





Soft start/stop signal 


: Disables the soft start/stop function. 
: Enables the soft start/stop function. 





Velocity integral control 
signal 





Orientation stop 
position change 
command 








Rotation direction 
command at orientation 
stop position change 





: Enables velocity integral control. 
: Disables velocity integral control. 
This signal is used in orientation with the stop position set 
“4” external setting type. When the status of this signal changes 
“0” from "1" to "0", new position stop data is input, and a 
movement to the new position then a stop take place. 
This signal is used in orientation with the stop position set external setting type. 
0: CCW (counterclockwise) 
1: CW (clockwise) 
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Symbol Description 


Shortcut command at ___|This signal is used in orientation with the stop position set external setting type. 

orientation stop position |0: The rotation direction depends on the ROTA signal setting. 

change 1: Shortcut control (within +180°) 

Analog override 0: Disables analog override. 
1: 
1: 
0: 





command Enables analog override. 
Incremental command spindle orientation 
Ordinary orientation 





Incremental command 





Motor power turn-off 
signal 

Synchronous This signal requests a synchronous orientation operation. 

orientation request 0: Cancels synchronous orientation. 

command 1: Requests synchronous orientation. 

This signal is used to detach the feedback cable between the amplifier and motor. 
0: Enables disconnection and overheat detection. 

1: Disables disconnection and overheat detection. 

Signal for starting magnetic pole detection operation 

0: Cancels magnetic pole detection operation. 

1: Requests magnetic pole detection operation. 


1: Turns off the motor power. 








Disconnection detection 
disable signal 





Magnetic pole detection 
operation start signal 











3.1.3 Details of Input Signals 


(a) Torque limitation command signals (TLMLA, TLMHA) 
For details of these signals, see Subsection 3.1.2, "Explanation of 
Input Signals", in Part I. 


(b) Clutch/gear signals (CTH1A, CTH2A) 


For details of these signals, see Subsection 3.1.2, "Explanation of 
Input Signals", in Part I. 


(c) Forward rotation command signal (SFRA) and reverse rotation command 
signal (SRVA) 
For details of these signals, see Subsection 3.1.2, "Explanation of 
Input Signals", in Part I. 
For these signals, see also Section 1.5, "MAGNETIC POLE 
DETECTION", in Part IV. 


(d) Spindle orientation command (ORCMA) 


For details of this signal, see Subsection 3.1.2, "Explanation of Input 
Signals", in Part I. 


(e) Machine ready signal (MRDYA) 
For details of this signal, see Subsection 3.1.2, "Explanation of Input 
Signals", in Part I. 
For this signal, see also Section 1.5, "MAGNETIC POLE 
DETECTION", in Part IV. 


(f) Spindle alarm reset signal (ARSTA) 


For details of this signal, see Subsection 3.1.2, "Explanation of Input 
Signals", in Part I. 
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(g) Emergency stop signal (*ESPA) 
For details of this signal, see Subsection 3.1.2, "Explanation of Input 
Signals", in Part I. 
For this signal, see also Section 1.5, "MAGNETIC POLE 
DETECTION", in Part IV. 


(h) Soft start/stop signal (SOCNA) 


For details of this signal, see Subsection 3.1.2, "Explanation of Input 
Signals", in Part I. 


(i) Velocity integral control signal (INTGA) 


For details of this signal, see Subsection 3.1.2, "Explanation of Input 
Signals", in Part I. 


(j) Orientation stop position change command (INDXA), rotation direction 
command at orientation stop position change (ROTAA), shortcut 
command at orientation stop position change (NRROA), and incremental 
command (INCMDA) 

For details of these signals, see Section 2.2, "POSITION CODER 
METHOD SPINDLE ORIENTATION", in Part I and Section 5.3, 
"INCREMENTAL COMMAND TYPE SPINDLE ORIENTATION", 
in Part I. 


(k) Spindle analog override command (OVRA) 
For details of this signal, see Subsection 3.1.2, "Explanation of Input 


Signals", in Part I. 


(Il) Motor power turn-off signal (MPOFA) 


NOTE 


Some specifications of this signal differ from those 
with an inductive spindle motor. 





For details of this signal, see Subsection 3.1.2, "Explanation of Input 
Signals", in Part I. 

Some specifications of this signal differ from those with an inductive 
spindle motor, so carefully set this signal for the sub module SM and 
magnetic pole detection. See Sections 1.4, “SUB MODULE SM,” and 
1.5, “MAGNETIC POLE DETECTION,” in Part IV. 


(m) Synchronous orientation request command (SORSLA) 


For details of this signal, see Section 5.5, "SPINDLE ORIENTATION 
DURING SPINDLE SYNCHRONIZATION CONTROL", in Part I. 
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(n) Disconnection detection disable signal (DSCNA) 


NOTE 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


The specifications of this signal partly differ from 
the specifications for the inductive spindle motor. 





This signal is used when the connection between the spindle 
amplifier and spindle motor needs to be disconnected 
temporarily. 








Power line 


When this signal is used to detach the feedback signal, motor 
overheat and the issuance of a feedback signal disconnection 
alarm can be prevented. 

A motor excitation OFF state confirmation signal (EXOFA) is 
provided to confirm that the motor is not excited before the 
connected power line is detached. 

Before setting this signal to | and disconnecting the feedback 
signals and power line, set all the SFRA, SRVA, ORCMA, 
MRDYA, and *ESPA commands to 0, and confirm that the 
motor excitation OFF state confirmation signal (EXOFA) has 
been set to 1. After completing re-connection, reset this signal to 
0. 

With the synchronous built-in spindle motor, the motor sensor 
disconnection alarm (spindle alarm 73) is issued during 
activation even if this signal is set to 1. 

With the synchronous built-in spindle motor, the motor sensor 
feedback is monitored for a disconnection even while this signal 
is set to 1. When a disconnection is detected, the magnetic pole 
position undetected state (EPFIXA = 0) is set. So, while this 
signal is set to 1 (not during activation, however,), the motor 
sensor disconnection alarm (spindle alarm 73) is not detected 
even if the motor sensor feedback disconnection state is detected. 
In this case, however, the magnetic pole position undetected state 
is set. 
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(7) Sample sequence (for the synchronous built-in spindle motor) 


Motor speed 





Forward rotation 
command 
SFRA 


Speed zero 
detection signal 
SSTA 













Motor activation off 
state signal 
EXOFA 


Disconnection 
detection disable 
signal 
DSCNA 








disconnected 
Feedback cable 


connection state 





Connected Connected 


Magnetic pole 
detection state 
signal 
EPFIXA 








Magnetic pole 
detection 
operation 


Magnetic pole 
detection operation 
start signal 
EPFSTRA 


(o) Magnetic pole detection operation start signal (EPFSTRA) 
For details of this signal, see Section 1.5, "MAGNETIC POLE 
DETECTION", in Part IV. 
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3.2 OUTPUT SIGNALS (SP->CNC->PMC) 


This section explains the functions of the signals directly output from 
the spindle amplifier (SP) to PMC via the CNC. For other 
spindle-related output signals, refer to the Connection Manual 
(Function) of the relevant CNC. 


(a) For Series 161/181/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Chapter 9, “SPINDLE SPEED FUNCTION.” 
(b) For Series 3037/3 11/321 
“FANUC Series 307/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Chapter 11, “SPINDLE SPEED FUNCTION.” 
(c) For Series 151 
“FANUC Series 15i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 9.7, “SPINDLE SPEED FUNCTION.” 


3.2.1 List of Output Signals 
























15i 16i 30 #7 #6 #5 #4 #3 #2 #1 #0 
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Explanation of Output Signals 


Alarm signal 


The signals whose names are not listed in Subsection 3.2.1, "List of 
Output Signals", in Part IV are not supported by the BiS series 
spindle. 


Description 
This signal is output when a spindle alarm is issued. 
0: Normal state 
1: Alarm state 





Zero speed detection 
signal 


This signal is output when the actual rotation speed of the spindle motor has 
decreased to the zero speed detection level or lower. 

0: Rotating 

1: Zero speed state 





Speed detection signal 


This signal is output when the actual rotation speed of the spindle motor has 
decreased to a predetermined rotation speed or lower. 

0: Above predetermined speed 

1: Predetermined speed or lower 





Speed arrival signal 


This signal is output when the actual rotation speed of the spindle motor has 
achieved a predetermined range for a speed command. 

0: Speed not achieved 

1: Speed achieved 





Load detection signal 1 





Load detection signal 2 


These signals are output when load at a set load detection level or higher is 
detected. Different levels can be set for LDT1A and LDT2A. 

0: Lower than the set load 

1: Set load or higher 





Torque limitation 
in-progress signal 


This signal is output when the torque is being limited by the TLMLA or TLMHA 
signal. 

0: Torque not being limited 

1: Torque being limited 





Orientation completion 
signal 


This signal is output when the spindle stops in the neighborhood of a 
predetermined position after an orientation command is input. 

0: Orientation not completed 

1: Orientation completed 





Position coder 
one-rotation signal 
detection state signal 


This signal is used to confirm whether the position coder one-rotation signal is 
detected or not. 

0: Position coder one-rotation signal not detected 

1: Position coder one-rotation signal detected 





Incremental orientation 
signal 


This signal is used to confirm whether incremental spindle orientation is being 
performed or not. 

0: Incremental spindle orientation is not in progress. 

1: Incremental spindle orientation is in progress. 





Synchronous 
orientation enable 


signal 


This signal is used to confirm whether synchronous orientation is enabled or not. 
0: Disables synchronous orientation. 
1: Enables synchronous orientation. 





Motor excitation off 
state signal 


This signal is used to confirm whether motor excitation is off. 
0: Motor excitation is in progress. 
1: Motor excitation is off. 








Sub module SM (SSM) 
error state signal 





This signal is used to check the error state of the sub module SM (SSM). 
0: The SSM is normal. 
1: The SSM is abnormal. 
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Symbol Description 


This signal is used to indicate whether Cs axis coordinate establishment 

processing is possible. 

0: Coordinate establishment processing is impossible (with a reference position 
not established). 

1: Coordinate establishment processing is possible (with a reference position 
established). 

This signal is used to check whether magnetic pole detection is completed or not. 

0: Magnetic pole detection is not completed. 

1: Magnetic pole detection is completed. 


Cs reference position 
establishment state 
signal 





Magnetic pole detection 
state signal 











3.2.3 Details of Output Signals 


(a) Spindle alarm signal (ALMA) 


For details of this signal, see Subsection 3.2.2, "Explanation of Output 
Signals", in Part I. 


(b) Zero speed detection signal (SSTA) 


For details of this signal, see Subsection 3.2.2, "Explanation of Output 
Signals", in Part I. 


(c) Speed detection signal (SDTA) 


For details of this signal, see Subsection 3.2.2, "Explanation of Output 
Signals", in Part I. 


(d) Speed arrival signal (SARA) 


For details of this signal, see Subsection 3.2.2, "Explanation of Output 
Signals", in Part I. 


(e) Load detection signals (LDT1A, LDT2A) 


For details of these signals, see Subsection 3.2.2, "Explanation of 
Output Signals", in Part I. 


(f) Torque limitation in-progress signal (TLMA) 
For details of this signal, see Subsection 3.2.2, "Explanation of Output 
Signals", in Part I. 


(g) Orientation completion signal (ORARA) 
For details of this signal, see Section 2.2, "POSITION CODER 
METHOD SPINDLE ORIENTATION", in Part I. 


(h) Position coder one-rotation signal detection state signal (PC1DTA) 
For details of this signal, see Subsection 3.2.2, "Explanation of Output 
Signals", in Part I. 


(i) Incremental orientation signal (INCSTA) 


For details of this signal, see Section 2.2, "POSITION CODER 
METHOD SPINDLE ORIENTATION", in Part I. 
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(j) Synchronous orientation enable signal (SORENA) 
For details of this signal, see Section 5.5, "SPINDLE ORIENTATION 
DURING SPINDLE SYNCHRONIZATION CONTROL", in Part I. 


(k) Motor excitation off state signal (EXOFA) 


For details of this signal, see (p), "Disconnection detection disable 
signal", in Subsection 3.1.3 in Part I. 


(I) Sub module SM (SSM) error state signal (SSMBRKA) 
For details of this signal, see Section 1.4, "SUB MODULE SM", in 
Part IV. 


(m) Cs reference position establishment state signal (CSPENA) 
For details of this signal, see Subsection 3.2.2, "Explanation of Output 
Signals", in Part I. 


(n) Magnetic pole detection state signal (EPFIXA) 


For details of this signal, see Section 1.5, "MAGNETIC POLE 
DETECTION", in Part IV. 
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ADJUSTMENT 
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4.1 
4.1.1 


4.1.2 


4.1.3 


4.1.4 


4.2 


VELOCITY LOOP GAIN ADJUSTMENT 


Overview 

For this subsection, see Subsection 4.1.1, "Overview", in Part I. 
Parameters 

For this subsection, see Subsection 4.1.2, "Parameters", in Part I. 
Adjustment Procedure 


For this subsection, see Subsection 4.1.3, "Adjustment Procedure", in 
Part I. 


Additional Information (Position Gain Adjustment) 


For this subsection, see Subsection 4.1.4, "Additional Information 
(Position Gain Adjustment)", in Part I. 


MACHINE RESONANCE ELIMINATION 





4.2.1 


4.2.2 


4.2.3 


4.3 


TCMD Filter 

For this subsection, see Subsection 4.2.1, "TCMD Filter", in Part I. 
HRV Filter 

For this subsection, see Subsection 4.2.2, "HRV Filter", in Part I. 
Disturbance Input Function 


For this subsection, see Subsection 4.2.3, "Disturbance Input 
Function", in Part I. 


AMPLITUDE RATIO/PHASE DIFFERENCE 
COMPENSATION FUNCTION 


For this section, see Subsection 4.3, "AMPLITUDE RATIO/PHASE 
DIFFERENCE COMPENSATION FUNCTION", in Part I. 
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The BiS series spindle (synchronous built-in spindle motor) does not 
support this function. 


5.2 SPINDLE SWITCHING CONTROL 


The BiS series spindle (synchronous built-in spindle motor) does not 
support this function. 
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5.3 INCRMENTAL COMMAND TYPE SPINDLE ORIENTATION 
(SPINDLE ROTATION SPEED CONTROL) 


5.3.1 Overview 
For this subsection, see Subsection 5.3.1, "Overview", in Part I. 
5.3.2 Series and Editions of Applicable Spindle Software 


Spindle software 

Series Edition Usable CNC 
A (01) edition or later | FS16i/FS18i/ FS21i/ FS0i/ FS15i 
A (01) edition or later | FS30i / FS31i/ FS32i 
FS16i/FS18i/ FS21i/ FS0i/ FS15i 
FS30i / FS31i / FS32i 








B (02) edition or later 











5.3.3 | System Configuration 


The incremental command type spindle orientation function can be 
used in the following system configuration. 


(1) When the aiBZ sensor or aiCZ sensor is used 
aiBZ sensor or aiCZ sensor 


Spindle+ 
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5.3.4 


B-65280EN/06 


VO Signals(CNC<>PMC) 


(1) Address list of input signals (PMC—>CNC) 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


ist- 
2nd- 


151 
G227 
G235 


G229 
G237 


G230 
G238 


G231 
G239 


161 
G070 
G074 


G072 
G076 


G078 
G080 


G079 
G081 


30: 
G070 
G074 


G072 
G076 


G078 
G080 


G079 
G081 











#7 #6 #5 #4 #3 #2 #1 #0 
| foremal | cru cornea] | 
| forcws] | crm forme} | 


| | vem} | nro | roraa | inoxa | 
| | fncmos] | vrrow J roras | ioxe | 


| siao7 | sans | saos | saos | saos | sHaoz | sHaot | sHa0o | 
| suB07 | sueos | supos | spo | sBos | sneoz | sue01 | suB00 | 
pf strats [ strato | stiao | stiaos | 
PTT sts [ stxpt0 | sro | sion | 





(2) Details of input signals (PMC—>CNC) 


For this item, see Item (2), "Details of input signals (PMC—CNC)", in 
Subsection 5.3.4 of Part I. 


(3) Address list of output signals (CNC->PMC) 


ist- 
2nd- 


1st- 


2nd- 


151 
F229 
F245 


F221 
F247 


16i 
F045 
F049 


F047 
F051 


30: 
F045 
F049 


F047 
F051 





(4) Details of output signals (CNC->PMC) 


9.3.9 


For this item, see Item (4), "Details of output signals (CNC-—>PMC)", 
in Subsection 5.3.4 of Part I. 


Examples of Sequences 


For this subsection, see Subsection 5.3.5, "Examples of Sequences", in 
Part I. 
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5.3.6 List of Related Parameters 


Parameter No. 





153 


3015 #0 


16i 


4015 #0 


303 


4015 #0 


Description 


Whether the spindle orientation function is available (to be set to "1") 
(The CNC software option is required.) 





5609#2 


3702#3,#2 


3729#0 


Whether the stop position external setting-type spindle orientation 
function is available (to be set to "1") 
(For 16i, #2: First spindle, #3: Second spindle) 





3328 





4328 





4328 





Command multiplier for incremental command external setting data 


NOTE 





This subsection describes only the parameters 
specific to incremental command type spindle 
orientation. See Section 2.2, "POSITION CODER 
METHOD SPINDLE ORIENTATION" in Part I, for 
parameters related to other types of spindle 
orientation. 


5.3.7 Details of Related Parameters 


For this subsection, see Subsection 5.3.7, "Details of Related 
Parameters", in Part I. 


- 617 - 


5. FUNCTION DESCRIPTIONS FANUC BUILT-IN SPINDLE MOTOR BiS series B-65280EN/06 


5.4 HIGH-SPEED SPINDLE ORIENTATION 


5.4.1 Overview 


For this subsection, see Subsection 5.4.1, "Overview", in Part I. 


5.4.2 Series and Editions of Applicable Spindle Software 


Spindle software 
Series 


Edition 


A (01) edition or later 


Usable CNC 
FS16i/ FS18i/ FS21i/ FS0i/ FS15i 





A (01) edition or later 


FS30i / FS31i / FS32i 





5.4.3 | System Configuration 





B (02) edition or later 





FS16i/FS18i/ FS21i/ FS0i/ FS15i 
FS30i / FS31i / FS32i 





Explained below is a system configuration in which the high-speed 
spindle orientation function is usable. 


(1) When the oiBZ sensor or aiCZ sensor is used 
aiBZ sensor or aiCZ sensor 
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5.4.4 lO Signals (CNC<>PMC) 


(1) Address list of input signals (PMC — CNC) 


151 161 30: 
1st- G227  G070 GO070 





#7 #6 #5 #4 #3 #2 #1 #0 
| forcmal | crt crea] | 
| forcws] | crs forme} | 


| | vem} | nero | roraa | inoxa | 
| | fnew] | ros J Rotas | ioxe | 


tst- 6230 Go7e_ G078_—_ | sao7 | sHaos | sHaos | sHaos | sHaos | sHaoa | sHaot | sHAd0_ 
2nd- 6238 Go80 6080 | sHBo7 | sHB0s | sHB0s | sHBos | sHB0s | sHB02 | sHBo1 | SHBOO_ 
st c2a1 core cova | ||| start | strato | stiaos | stiaos | 
and Gas cost cost [|_| | | seit | srist0 | sp00 | snb0 | 


(2) Details of input signals (PMC — CNC) 

(a) Spindle orientation command (ORCMA) 

(b) Clutch/gear signals (CTH1A and CTH2A) 

(c) Spindle orientation stop position change command (INDXA) 

(d) Rotation direction command for spindle orientation stop position change 

(ROTAA) 

(e) Short-cut command for spindle orientation stop position change (NRROA) 

(f) Incremental command data selection signal (INCMDA) 

(g) Spindle orientation external stop position commands (SHA11 to SHAO0) 
The functions of the input signals ORCMA, CTH1A, CTH2A, 
INDXA, ROTAA, NRROA, INCMDA, and SHA11 to SHAO0 are the 
same as for position coder-method spindle orientation and incremental 
command type spindle orientation. See Sections 2.2, "POSITION 
CODER-METHOD SPINDLE ORIENTATION," and __ 5.3, 


"INCREMENTAL COMMAND TYPE SPINDLE ORIENTATION" 
in Part I. 


2nd- G235 G074 G074 









1st- G229 G072 G072 
2nd- G237 G076 GO076 





(3) Address list of input signals (CNC > PMC) 


151 161 30: 
1st- F229. F045 F045 
2nd- F245 F049 F049 


1st- F221 F047 F047 INCSTA 
2nd- F247 F051 F051 INCSTB 





- 619 - 


5.FUNCTION DESCRIPTIONS FANUC BUILT-IN SPINDLE MOTOR BiS series B-65280EN/06 


(4) Details of input signals (CNC > PMC) 
(a) Incremental command mode status signal (INCSTA) 
(b) Spindle orientation completion signal (ORARA) 


5.4.5 


Sequence 


The functions of the output signals ORARA and INCSTA are the 
same as for position coder-method spindle orientation and incremental 
command type spindle orientation. See Sections 2.2, "POSITION 
CODER METHOD SPINDLE ORIENTATION," and _ 5.3, 
"INCREMENTAL COMMAND TYPE SPINDLE ORIENTATION" 
in Part I. 


For this subsection, see Subsection 5.4.5, "Sequence", in Part I. 
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List of Related Parameters 


Parameter No. 





3015 #0 


16i 


4015 #0 


4015 #0 


Description 


Whether the spindle orientation function is available (to be set to "1") 
(The CNC software option is required. ) 





3018 #6 


4018 #6 


4018 #6 


High-speed spindle orientation function (to be set to "1") 





5609#2 


3702#3,#2 


3729#0 


Whether the stop position external setting-type spindle orientation function 
is available 
(For 16i, #2: First spindle, #3: Second spindle) 





3003 #0 


4003#0 


4003#0 


Spindle orientation type selection (to be reset to "0") 





3003#3,#2 


4003#3,2 


4003#3, #2 


Rotation direction for spindle orientation (to be reset to "0, 0" or to be set to 
"0, 1") 





3017#7 


4017#7 


4017#7 


Short-cut function when spindle orientation from stopped state is specified 





3018#5 


4018#5 


4018#5 


Whether the speed command correction function for high-speed spindle 
orientation is available 





3031 


4031 


4031 


Spindle orientation stop position 
(This parameter is invalid for stop position external setting type and 
incremental command external setting type.) 





3038 


4038 


4038 


Orientation speed upper limit 





3042 
3043 


4042 
4043 


4042 
4043 


Velocity proportional gain on orientation 
(These parameters are selected with the input signal CTH1A.) 





3050 
3051 


4050 
4051 


4050 
4051 


Velocity integral gain on orientation 
(These parameters are selected with the input signal CTH1A.) 





3056 to 3059 


4056 to 4059 


4056 to 4059 


Gear ratio data between spindle and motor 
(These parameters are selected with the input signals CTH1A and 
CTH2A.) 





3060 to 3063 


4060 to 4063 


4060 to 4063 


Position gain on orientation 
(These parameters are selected with the input signals CTH1A and 
CTH2A.) 





3064 


4064 


4064 


Percentage limit to an acceleration during deceleration 





3075 


4075 


4075 


Orientation completion signal detection level 





3077 


4077 


4077 


Orientation stop position shift value 





3320 to 3223 


4320 to 4323 


4320 to 4323 


Acceleration during motor deceleration 
(These parameters are selected with the input signals CTH1A and 
CTHZ2A.) 





3326 
3330 


4326 
4330 


4326 
4330 


Acceleration limitation start speed during deceleration 
(These parameters are selected with the input signal CTH1A.) 





3328 


NOTE 








4328 


4328 





Command multiplier for orientation 


1 See Section 1.3, "PARAMETERS RELATED TO DETECTORS’ in Part IV, for 
parameters related to detectors. 


2 


See Section 4.1, "VELOCITY LOOP GAIN ADJUSTMENT" in Part IV, for velocity 


loop proportional/integral gain tuning. 

3 When using the high-speed spindle orientation function, set the parameters (bits 3 
and 2 or parameter No. 4003) for rotation direction for spindle orientation with the 
previous rotation direction (0, 0 or O, 1). 
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15i 16i 30i 
3018 4018 4018 
HSVCM : 
HSORI: 


151 161 30: 
3003 4003 4003 


DIRCT1, DIRCT2 


PCMGSL : 





B-65280EN/06 


Details of Related Parameters 


#7 #6 #5 #4 #3 #2 #1 #0 

| [sor [usvem] | | | 
Velocity command compensation function in high-speed spindle 
orientation is: 

0: Disabled. 


1: Enabled. 
Usually, set this parameter to "1". 


High-speed spindle orientation function 1s : 
0: Disabled 

1: Enabled 

Set to 1. 


#7 #6 #5 #4 #3 #2 #1 #0 


DIRCT2 | DIRCT1 PCMGSL 


Rotation direction at spindle orientation 


Rotation direction 
By rotation direction immediately before (CCW for the 
first-time spindle orientation after the power is switched 
on) 
By rotation direction immediately before (CW for the 
first-time spindle orientation after the power is switched 
on) 
CCW direction looking from shaft of motor 
CW direction looking from shaft of motor 


DIRCT2 | DIRCT1 

















NOTE 


When using the high-speed spindle orientation 
function, specify the rotation direction for spindle 
orientation to be the previous rotation direction (bits 
3 and 2 of parameter No. 4003 = 0 and 0 or 0 and 1). 


Orientation method selection 
Set to 0. 
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151 161 30: 
3017 4017 4017 
NRROEN 
151 161 301 
3031 4031 4031 
Unit of data : 
Valid data range : 


Standard setting value : 


151 
3038 


16: 
4038 


30i 
4038 


Unit of data : 
Valid data range : 
Standard setting value : 


157 
3042 
3043 


167 
4042 
4043 


301 
4042 
4043 


Unit of data : 
Valid data range : 
Standard setting value : 


veroen] |] CT CT 
The short-cut function when spindle orientation from stopped state is 
specified is: 

0: Unavailable 

1: Available 

If the setting is "1", a short-cut is made provided that the following 
conditions are satisfied. 

i) Bit 7 of parameter No. 4016 (RFCHK3) = 0 

ii) Zero-speed detection signal (output signal) SST = 1 

iii) Short-cut command (input signal) NRROA = | 


Position coder method orientation stop position 


1 pulse unit (360 degrees/4096) 
0 to 4095 


oO 


This data is used to set the stop position of position coder method 
spindle orientation. This parameter is invalid for stop position external 
setting-type and incremental command external setting-type spindle 
orientation. Instead, the stop position commands (SHA11 to SHA00) 
(input signals) are valid. 


Spindle orientation speed upper limit 


Imin'! 
0 to 32767 


oO 


This data is used to specify the upper limit to the orientation speed of 
an spindle end. If the setting is "0", the parameter is assumed to be set 
with a value converted for the spindle from the excitation voltage 
saturation speed with no load on the motor (parameter No. 4102, 
low-speed characteristic parameter No. 4140). 


Velocity proportional gain on orientation (HIGH) CTH1A=0 
1 





Velocity proportional gain on orientation (LOW) CTH1A= 


0 to 32767 

10 

This data is used to set the velocity loop proportional gain on 
orientation. 
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157 167 30 
3050 4050 4050 
3051 4051 4051 


Unit of data : 
Valid data range : 
Standard setting value : 


157 167 301 


3056 4056 4056 
3057 4057 4057 
3058 4058 4058 
3059 4059 4059 

Unit of data : 
Valid data range : 


Standard setting value : 


157 167 301 


3060 4060 4060 
3061 4061 4061 
3062 4062 4062 
3063 4063 4063 

Unit of data : 
Valid data range : 


Standard setting value : 


151 16i 30i 
3064 4064 4064 


Unit of data : 
Valid data range : 
Standard setting value : 


B-65280EN/06 


Velocity integral gain on orientation (HIGH) CTH1A=0 





Velocity integral gain on orientation (LOW) CTH1A=1 


0 to 32767 

10 

This data is used to specify a velocity loop integral gain for spindle 
orientation. 


Gear ratio (HIGH) CTH1A=0, CTH2A=0 
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1 


Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0 
Gear ratio (LOW) CTH1A=1, CTH2A=1 





Number of motor rotations per spindle rotation / 100 

(Number of motor rotations per spindle rotation / 1000 if bit 1 of 
parameter No. 4006 (GRUNIT) = 1) 

3 to 3000 

(33 to 30000 if bit 1 of parameter No. 4006 (GRUNIT) = 1) 

100 


NOTE 
The range of gear ratios supported by this function is: 
1:30 to 30:1 


CTH1A=0, CTH2A=0 
CTH1A=0, CTH2A=1 
CTH1A=1, CTH2A=0 
CTH1A=1, CTH2A=1 


Position gain on orientation (HIGH) 
Position gain on orientation (MEDIUM HIGH) 
Position gain on orientation (MEDIUM LOW) 





Position gain on orientation (LOW) 


0.01sec™ 

0 to 32767 

1000 

These data are used to set the position gain on spindle orientation. 


Percentage limit to an acceleration during deceleration 


1% 

0 to 100 

100 

This data is used to specify the percentage limit to an acceleration 
during deceleration if spindle orientation is started when the spindle 
speed is lower than or equal to the limitation start seed for an 
acceleration during deceleration (parameter Nos. 4326 and 4330). 
Usually, specify "100". 
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151 


3075 


151 
3077 


151 16i 30i 
3320 4320 4320 
3321 4321 4321 
3322 4322 4322 
3323 4323 4323 

Unit of data : 
Valid data range : 


Standard setting value : 


FANUC BUILT-IN SPINDLE MOTOR BiS series 5.FUNCTION DESCRIPTIONS 


16i 


4075 


Unit of data : 
Valid data range : 
Standard setting value : 


161 
4077 


Unit of data : 
Valid data range : 
Standard setting value : 


30i 


4075 


30i 
4077 


Orientation completion signal detection level (effective area for in-position 





check) 


+1 pulse unit (360 degrees/4096) 

0 to 100 

10 

This data is used to set the detecting level of orientation completion 
signal (ORARA). ORARA = | is satisfied if the position error is 
within the setting. 


Orientation stop position shift value 


+1 pulse unit (360 degrees/4096) 

-4095 to 4095 

0 

This data is used to specify the shift amount of the spindle orientation 
stop position. If a positive value is specified, the position where the 
spindle stops is shifted counterclockwise. 


Acceleration during motor deceleration (HIGH) CTH1A=0, CTH2A=0 
Acceleration during motor deceleration (MEDIUM HIGH) CTH1A=0, CTH2A=1 


Acceleration during motor deceleration (MEDIUM LOW) CTH1A=1, CTH2A=0 
Acceleration during motor deceleration (LOW) CTH1A=1, CTH2A=1 





10min’'/sec 

0 to 6400 

0 

This data is used to specify the acceleration during motor deceleration 
for high-speed spindle orientation. If the setting is "0", the high-speed 
spindle orientation function is disabled, and the standard-type spindle 
orientation function is enabled. The setting for the parameter is 
obtained, using: 


; ; : 60 
Acceleration during deceleration = x > (0.8700.9) 
a 


where t((Nm) : Motor maximum torque at spindle orientation speed 
upper limit (parameter No. 4038) 
J(kgm’) : Motor inertia + load inertia 
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151 16i 30i 
3326 4326 4326 


3330 4330 4330 


Unit of data : 
Valid data range : 
Standard setting value : 


151 161 30i 
3328 4328 4328 


Unit of data : 
Valid data range : 
Standard setting value : 


B-65280EN/06 





Acceleration limitation start speed during deceleration (HIGH) CTH1A=0 
Acceleration limitation start speed during deceleration (LOW) CTH1A=1 
min’! 
0 to 32767 
0 


This data is used to specify the motor speed at which limitation on the 
acceleration during deceleration is started. If the setting is "0", the 
parameter is assumed to be set with the spindle orientation lower limit 
speed calculated within the software. 


Command multiplier for spindle orientation by a position coder 


0 to 32767 

0 

Set a command multiplier for the spindle orientation function with an 
externally set incremental command. 

When 0 is set in these parameters, 1 is assumed to have been 
specified. 
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5.4.8 Spindle Data Used in Tuning 


For this subsection, see Subsection 5.4.8, "Spindle Data Used in 
Tuning", in Part I. 


9.4.9 


Tuning Procedure 


Tune the parameters according to the following procedure. The ability 
of a motor to decelerate varies with the load inertia on the motor. 
When tuning, mount a tool with the highest possible load inertia on 
the spindle. If such a tool is unavailable, allow a considerable margin 
in specifying an acceleration during deceleration. 


(1) Parameter initialization 
Initialize the parameters related to high-speed spindle orientation as 


4003#0 


listed below. 


Description 
Selecting a spindle orientation type 


Initial setting 
0 





4003#3, #2 


Spindle rotation direction at orientation 


Select a rotation direction. 





4006#1 


Unit of gear ratio setting 


Specify an appropriate value depending 
on the system configuration. 





4017#7 


Short-cut function when spindle orientation from 
stopped state is specified 


Specify an appropriate value according to 
the use of the machine. 





4018#5 


Whether a speed command correction function for 
high-speed spindle orientation is available 


1 





4018#6 


High-speed spindle orientation function 


1 





4031 


Spindle orientation stop position 


Specify a stop position. 





4038 


Spindle orientation speed upper limit 


0 





4042 to 4043 


Velocity proportional gain on orientation 


10 





4050 to 4051 


Velocity integral gain on orientation 


10 





4056 to 4059 


Gear ratio 


Specify an appropriate value depending 
on the system configuration. 





4060 to 4063 


Position gain on orientation 


3000 





4064 


Percentage limit to an acceleration during deceleration 


100 





4075 


Orientation completion signal detection level 


Specify an appropriate value according to 
the use of the machine. 





4077 


Orientation stop position shift value 


Specify a stop position. 





4320 to 4323 


Acceleration during motor deceleration 


Tune according to actual measurements. 





4326,4330 


Acceleration limitation start soeed during deceleration 


0 





4328 


NOTE 





Command multiplier for orientation 





Specify an appropriate value according to 
the use of the machine. 


1 Spindle alarm 21 is issued if the relation (bit 0 of parameter No. 4000) between 
the spindle and motor rotation direction and/or the setting of the spindle sensor 
mounting direction (bit 4 of parameter No. 4001) is incorrect. 

The time required for spindle orientation may get abnormally long if the gear ratio 
resolution (bit 1 of parameter No. 4006) setting and/or gear ratio (parameter Nos. 
4056 to 4059) setting is incorrect. 
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(2) Initial setting of the acceleration during deceleration (parameter Nos. 4320 
to 4323) 

Run a real machine on the velocity control mode (regular operation 
mode), and decelerate it from the base speed wg (see the following 
expression). 
Base speed @g = parameter No. 4102 x parameter No. 4117/100 (if 
parameter No. 4038 = 0), or 
= parameter No. 4038 (if parameter No. 4038 # 0) 
Then, measure the time the real machine takes to decelerate, set up the 
initial acceleration during deceleration Tc from the measured 
deceleration time according to the following expression (see the figure 
below): 
Acceleration during deceleration = base speed/time taken to decelerate 
from the base speed to a halt/10 (in 10 min/s) 





Example of setting an initial acceleration during deceleration 







rane 


Motor speed 


Time taken to detelerate from the 
| : (data No. 19) 


- base speéd to a halt” 








Motor speed command 
(data No. 16) 














(3) Tuning the velocity loop proportional gain (parameter Nos. 4042 and 4043) 
and integral gain (parameter Nos. 4050 and 4051) 


Tune the velocity loop proportional/integral gain while referencing 
Section 4.1, "WELOCITY LOOP GAIN ADJUSTMENT" in Part I. 


(4) Tuning the position gain 


Basically, the position gain needs no adjustment. If you want to 
increase the setting for the position gain, do not increase it over 4000. 
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(5) Tuning the acceleration during deceleration (parameter Nos. 4320 to 4323) 
Start spindle orientation when the spindle is running at the spindle 
the acceleration during 


deceleration so that the torque command will not be saturated when 
the motor starts linear deceleration (the beginning of interval C in the 
sequence). (See the following figure.) 


maximum 





rotation 


speed, 


and tune 





Example 1 of deceleration time constant adjustment (good case) 
: 4 7 3 u . D ‘. : 





ages 818 NO 298 








Torque command 





Spindle orientation seq 


..[.....data.No. 90)... // 





a 


)ig 






fon | 


























Enlarged 
—_> 











eee 























Example 2 of deceleration time constant adjustment (bad case) 

















Enlarged 
es ‘ 
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(6) Tuning the percentage limit to an acceleration during deceleration 
(parameter No. 4064) 


(a) Deciding whether or not to tune the percentage limit to an acceleration during 
deceleration 

Start spindle orientation when the spindle is running at the 
base speed Wg. (See the figure below.) If the torque command 
is saturated in sequence intervals C or D, it is necessary to 
tune the percentage limit to an acceleration during 
deceleration. 

If the torque command is not saturated, stop tuning the 
spindle orientation. 








Case in which parameter tuning is necessary Case in which parameter tuning is unnecessary 









fox | 


Torque command = 











Hecandhs alice _ {data No. ee cal Eee Gl ae Oe ae wo J }Not saturated. (food 
‘ - 2s - Saturated. ites at | Ee hid nla al cesses 
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(b) Tuning the percentage limit to an acceleration during deceleration 

Specify the acceleration limitation start speed during deceleration @ 5 
(parameter Nos. 4326 and 4330) as follows: 

Acceleration limitation start speed during deceleration @s = 1.1 x 
base speed Wp 

Then, decrease the percentage limit to an acceleration during 
deceleration (parameter No. 4064) until the torque command will not 
be saturated at the end of sequence interval C or in sequence interval 
D. In this case, there is no problem even if the torque command is 
about to be saturated at the beginning of sequence interval C. (See the 


following figure.) 
Example 1 of the percentage limit to an Example 2 of the percentage limit to an 





acceleration during deceleration (bad case) acceleration during deceleration (good case) 





f 


















Spindle orientation | 
: sequence 
sooo gata No. 288)" fF 


tose 
















Torque command | 7 
"|. (data No. 90). |= 





eu GK a! as 
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(7) Tuning the acceleration limitation start speed during deceleration 
(parameter Nos. 4326 and 4330) 


If you tuned the percentage limit to an acceleration during 
deceleration as explained in item (6), tune also the acceleration 
limitation start speed during deceleration. 


(a) Deciding whether or not to tune the acceleration limitation start speed during 
deceleration 

Start spindle orientation when the spindle is running at 10 min 
+ acceleration limitation start speed during deceleration @s, 
which is an initial setting used when the percentage limit to an 
acceleration during deceleration is tuned. (See the following 
figure.) In this case, it is necessary to tune the percentage limit to 
an acceleration during deceleration if the torque command is 
saturated in sequence interval C or D. 

If the torque command is not saturated, stop tuning the spindle 
orientation. 


Case in which parameter tuning is necessary Case in which parameter tuning is 
unnecessary 








D 





Spindle orientation : 
sequence (data No. 298) + 

















orque commands 25% _ 
(data. No: 90) oy had. 























(b) Tuning the acceleration limitation start speed during deceleration 

Increase the acceleration limitation start speed during 
deceleration (parameter Nos. 4326 and 4330) until the torque 
command will not be saturated at the end of sequence 
interval C or in sequence interval D even when spindle 
orientation is started when the spindle is running at 10 min" 
+ acceleration limitation start speed during deceleration @,s. 
Similarly to item (6), there is no problem even if the torque 
command is about to be saturated at the beginning of 
sequence interval C. 


- 632 - 


B-65280EN/06 FANUC BUILT-IN SPINDLE MOTOR BiS series 5.FUNCTION DESCRIPTIONS 


5.5 SPINDLE ORIENTATION DURING SPINDLE 
SYNCHRONOUS CONTROL 


5.5.1 Overview 


Oye} ifolar-limielareai(eya 


For this subsection, see Subsection 5.5.1, "Overview", in Part I. 


5.5.2 Series and Editions of Applicable Spindle Software 


Spindle software 


Series 


Edition 
B (02) edition or later 


Usable CNC 
FS16i/ FS18i/ FS21i/ FSO: 





A (01) edition or later 


FS30i / FS31i / FS32i 





5.5.3 Specification 





B (02) edition or later 





FS16i/FS18i/ FS21i/ FS0i 
FS30i / FS31i / FS32i 





For this subsection, see Subsection 5.5.3, "Specification", in Part I. 


- 633 - 


5.FUNCTION DESCRIPTIONS FANUC BUILT-IN SPINDLE MOTOR BiS series B-65280EN/06 


5.5.4 I/O Signals (CNC <> PMC) 


(1) Address list of input signals (PMC — CNC) 
(a) For path 1 
161 30i #7 #6 #5 #4 #2 #1 #0 


#3 
G038 G038 | sppus | spsyc 
1st:  GO72  GO072 ROTAA 


2nd- G076 G076 ROTAB 






































1st- G073 G073 SORSLA 
2nd- G077 G077 SORSLB 


st Go78_ 6078 | snao7 | sHaos | sHaos | sHaos | sHao3 | sHaoz | sHaot | sta0o | 
and- 6080 6080 |_snpor | sHBo6 | sHB05 | SHBO4 | sHpoz | spot | sHB00_ 


ist ora cova | || | suato | suace | sacs _ 
anc cost cost | | | | | sue10 | sHeoo | sos _ 


(b) For path 2 



































SHA11 


16i 30i #7 #6 #5 #4 #3 #2 #1 #0 


G1038 G1038 SPSYC 


1st- G1072 G1072 ROTAA 


2nd- G1076 G1076 ROTAB 


1st- G1073 G1073 SORSLA 
2nd- G1077 G1077 SORSLB 


ts G1078 61078 | sHao7 | sHaos | sHaos | sHaod | sHaos | sHaoz | sHaot | SHACO | 
and- 1080 61080 | snpo7 | sHBo6 | sHBos | sHBo4 | sHB03 | sHBo2 | sHBo1 | sHBO0 | 


is erora cova | | || stats | stato | suaoo | sacs | 
anc crost crost | | | | sts | supt0 | spo | sios | 
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(2) Details of input signals (PMC — CNC) 
(a) Spindle synchronous control command (SPSYC) 
(b) Spindle phase synchronous control command or synchronous orientation 
command (SPPHS) 

(c) Synchronous orientation request command (SORSLA) 

(d) Synchronous orientation external stop position command (SHA11 to SHA00) 

(e) Rotation direction command for synchronous (ROTAA) 
For the input signals SPSYC, SPPHS, SORSLA, SHA1I1 to SHA00, 
and ROTAA, see Item (2), "Details of input signals (PMC — CNC)", 
in Subsection 5.5.4 of Part I. 


(3) Address list of output signals (CNC — PMC) 


(a) For path 1 


16i 30i #7 #6 # #4 #2 1 #0 








F044 F044 















































(b) For path 2 


5 #3 # 
1st- F047 F047 SORENA 
2nd- F051 F051 SORENB 

5 #3 # 


16i 30i #7 #6 # #4 #2 1 #0 








Fioe4 todd 



































1st- F1047 F1047 SORENA 
2nd- F1051 F1051 SORENB 














(4) Details of output signals (CNC — PMC) 
(a) Synchronous orientation permission signal (SORENA) 
(b) Spindle speed synchronous control completion signal (FSPSY) 
(c) Spindle phase synchronous control completion signal or synchronous 
orientation completion signal (FSPPH) 
(d) Phase synchronous error monitor signal (SYCAL) 
For the output signals SORENA, FSPSY, FSPPH, and SYCAL, see 
Item (4), "Details of output signals (CNC — PMC)", in Subsection 
5.5.4 of Part I. 
5.5.5 Sequence 


For this subsection, see Subsection 5.5.5, "Sequence", in Part I. 
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5.5.6 List of Related Parameters 


Parameter No. 
16: 30: 





Description 


Direction in which each of spindles rotates under spindle synchronous control 
(For 167: #0: First spindle: #1: Second spindle. For 307: Each spindle) 

That error pulse difference between two spindles on which the spindle phase 
synchronous completion signal is output 

That error pulse difference between two spindles on which the spindle phase 
synchronous error monitor signal is output 

Whether the stop position external setting-type spindle orientation function is 
3702#3,#2 3729#0 = |available 

(For 167: #0: First spindle: #1: Second spindle. For 307: Each spindle) 
Setting for disabling automatic detection of a one-rotation signal when the 
spindle synchronous control mode is switched 

4014#6 4014#6 _ |Whether the synchronous orientation function is available 

Acceleration at spindle synchronous control (It is necessary to specify the 
same value for the first and second spindles. ) 

4033 4033 Spindle synchronous speed arrival level 

4034 4034 Shift amount at spindle phase synchronous control 

4035 4035 Spindle phase synchronous compensation data 

4044 4044 Velocity proportional gain on spindle synchronous control 

4045 4045 (This parameter is selected with the input signal CTH1A.) 

4052 4052 Velocity integral gain on spindle synchronous control 

4053 4053 (This parameter is selected with the input signal CTH1A.) 

Gear ratio data between spindle and motor 

(These parameters are selected with the input signals CTH1A and CTH2A.) 
Position gain on spindle synchronous control (It is necessary to specify the 
4065 to 4068 |4065 to 4068 |same value for the first and second spindles.) 

(These parameters are selected with the input signals CTH1A and CTH2A.) 
4075 4075 Orientation completion signal detection level 

Acceleration magnetic flux switching point for spindle synchronous control (It is 
necessary to specify the same value for the first and second spindles.) 
Bell-shaped acceleration/deceleration time constant for spindle synchronous 
4340 4340 control (It is necessary to specify the same value for the first and second 
spindles.) 

4369 4369 Synchronous orientation deceleration coefficient 


4800#1 #0 4801#0 





4810 4810 





4811 4811 








4006#4 4006#4 








4032 4032 




















4056 to 4059 |4056 to 4059 











4336 4336 














NOTE 
See Section IV-1.3, "PARAMETERS RELATED TO DETECTORS," for 
parameters related to detectors. 
See Section IV-4.1, "VELOCITY LOOP GAIN ADJUSTMENT," for velocity 
loop proportional/integral gain tuning. 
See "Function Description: Spindle Synchronous Control" for parameters 
related to the spindle synchronous control function. 





5.5.7 Details of Related Parameters 


For this subsection, see Subsection 5.5.7, "Details of Related 
Parameters", in Part I. 
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SPINDLE FINE ACC./DEC. (FAD) FUNCTION 


Overview 
For this subsection, see Subsection 5.6.1, "Overview", in Part I. 
Series and Editions of Applicable Spindle Software 


Spindle software 


Series Edition Remark 


9D53 B (02) edition or later 








9D80 B (02) edition or later 


CNC software 


Series Edition Remark 
M (13) edition or later | For the FANUC Series 167/160i/160is-MB 





M (13) edition or later | For the FANUC Series 187/180i/180is-MB 





C (03) edition or later | For the FANUC Series 187/1807/180is-MB5 





M (13) edition or later | For the FANUC Series 211/210i/210is-MB 





M (13) edition or later | For the FANUC Series 16i/1607/160is-TB 














) 

) 
M (13) edition or later | For the FANUC Series 18i/1807/180is-TB 
M (13) edition or later | For the FANUC Series 217/2107/210is-TB 





Block Diagram 

For this subsection, see Subsection 5.6.3, "Block Diagram", in Part I. 
Parameters 

For this subsection, see Subsection 5.6.4, "Parameters", in Part I. 
Diagnosis (Diagnosis Screen) 


For this subsection, see Subsection 5.6.5, "Diagnosis (Diagnosis 
Screen)", in Part I. 


Status Errors 
For this subsection, see Subsection 5.6.6, "Status Errors", in Part I. 
Cautions 


For this subsection, see Subsection 5.6.7, "Cautions", in Part I. 
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5.7 UNEXPECTED DISTURBANCE TORQUE DETECTION 
FUNCTION 


5.7.1 Overview 
For this subsection, see Subsection 5.7.1, "Overview", in Part I. 


5.7.2 Series and Editions of Applicable Spindle Software 


Spindle software 


9D53 E (05) edition orlater | FS16i/FS18i/ FS217 / FS0i/ FS15i 


D (04) edition or later | FS30i / FS317 / FS32i 
FS16i/FS18i/ FS21i/ FS0i/ FS15i 
FS30i / FS31i / FS32i 





B (02) edition or later 
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5.7.3 lO Signals (CNC<>PMC) 


(1) Address list of output signals (CNC — PMC) 


16i 303 #7 #6 #5 #4 #3 #2 #1 #0 
roo ooo | | | aprses[astsr2|astser| | 
root roo | | | arses] =| TT 





151 
F155 
F154 






|aaspa{acses{| | = | | | | 
| | vasraTaases} | 


(2) Details of output signals (CNC — PMC) 

(a) First-spindle unexpected disturbance torque detection signals 
(ABTSP1 and AQSP1) 

(b) Second-spindle unexpected disturbance torque detection signals 
(ABTSP2 and AQSP2) 

(c) Third-spindle unexpected disturbance torque detection signals 
(ABTSP3 and AQSP3) 

(d) Fourth-spindle unexpected disturbance torque detection signals 
(ABTSP4 and AQSP4) 





These signals are output when the estimated load torques on the 
respective spindles become higher than or equal to the set level. 
Refer to an applicable CNC Connection Manual (Function) for details. 


(a) For Series 161/181/211 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 2.10, “ABNORMAL LOAD DETECTION.” 
(b) For Series 3037/3 11/321 
“FANUC Series 3031/3 11/32i-MODEL A 
CONNECTION MANUAL (FUNCTION) : B-63943EN-1 
Refer to Section 2.9, “UNEXPECTED DISTURBANCE 
TORQUE DETECTION FUNCTION.” 
(c) For Series 151 
“FANUC Series 157-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63783EN-1 
Refer to Section 2.9, “ABNORMAL LOAD DETECTION.” 
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5.7.4 List of Related Parameters 


Parameter No. 
15% 16: 30: 





Description 


Whether the unexpected disturbance 
3015 #1 | 4015 #1 | 4015 #1 | torque detection function is available 
(The CNC software option is required. ) 
Torque constant for spindle load torque 
monitoring (for high-speed output 
switching characteristics) 

Torque constant for spindle load torque 
monitoring (for low-speed output switching 
characteristics) 

Observer gain 1 for spindle load torque 
monitoring 

Observer gain 2 for spindle load torque 
monitoring 

Unexpected disturbance torque detection 
level 





























5.7.5 Details of Related Parameters 


For this subsection, see Subsection 5.7.5, "Details of Related 
Parameters", in Part I. 


5.7.6 Parameter Tuning Procedure 


For this subsection, see Subsection 5.7.6, "Parameter Tuning 
Procedure", in Part I. 
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5.8 SPINDLE EGB (SPINDLE ELECTRONIC GEAR BOX) 





5.8.1 Overview 


The spindle EGB function is intended to use one of spindles in a pair 
as a tool axis (master axis) and the other as a workpiece axis (slave 
axis) and cause the slave axis to rotate in synchronization with the 
master axis at a specified synchronous ratio. Refer to an applicable 
CNC Connection Manual (Function) for details of this function. 


(a) For Series 161/181 
“FANUC Series 167/187/21i-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 1.14.2, “Spindle Electronic Gear Box (M 
series).” 


NOTE 
Using this function requires the CNC software option. 
Using this function requires spindle amplifier (SP) type 
B for both the master and slave axes. 
For the master and slave axes, use the spindle 
software of the same series and edition. 
This function cannot be used together with the spindle 
fine Acc./Dec. (FAD) function. 
This function cannot be used together with the torque 
tandem control function. 
This function cannot be used with the FANUC Series 
15i-MODEL B. 
This function cannot be used with the FANUC Series 
3071/3 11/321. 
There are no limitations on the assignment of the 
master and slave axes. 
For descriptive purposes, this specification assumes: 
Master spindle amplifier: First spindle 
Slave spindle amplifier: Second spindle 





5.8.2 Series and Editions of Applicable Spindle Software 


Spindle software 
Series Edition 
9D53 B (02) edition or later 
9D80 B (02) edition or later 








CNC software 
Series Edition Remark 

A (01) edition or later |For FANUC Series 167/1607/160is-MB 

A (01) edition or later |For FANUC Series 187/1807/180is-MB 

A (01) edition or later |For FANUC Series 187/1807/180is-MB5 
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5.8.3 | System Configuration 


The spindle EGB function is usable in the following system 
configuration. 


(1) System configuration with built-in motors 





Speed/position 
sensor 










Built-in spindle motor 


First axis 
(master axis) 
Series 
16i/160:/160is 
18i/180i/180is 
MODEL B 


SPM-to-SPM rer : 
éormunication Built-in spindle motor 





Second axis 
(slave axis) 


Parameter settings related to detectors 
Parameter Setting Description 
4000#0 0 The spindle and motor rotates in the same direction. 
4002#3 #2,#1,#0 0,0,0,1 The motor sensor is used for position feedback. 
4003#7 ,#6,#5,#4 0,0,0,0 It is unnecessary to specify the number of the spindle sensor teeth. 
4010#2,#1,#0 0,0,1 aiMZ/aiBZ/aiCZ sensor 


4011#2,#1,4#0 | Depending on 
or 4334 the sensor. 














Setting for the number of motor sensor (speed sensor) teeth 





The spindle-to-motor gear ratio is 1:1. 
4056 to 4059 | 100o0r1000 |(The settings for these parameters vary depending on the gear 
ratio increment system specified in bit 1 or parameter No. 4006.) 


4386 °) Depending on |Setting for the number of master-axis motor sensor (Speed sensor) 
the sensor. {teeth 


(*) This parameter is valid only for the slave axis (second spindle). 


5.8.4 Block Diagram 














For this subsection, see Subsection 5.8.4, "Block Diagram", in Part I. 
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5.8.5 I/O Signals (CNC <> PMC) 


This subsection lists only the input/output signals related to the 
spindle EGB. Refer to an applicable CNC Connection Manual 
(Function) for details of each signal. 


(a) For Series 161/181 
FANUC Series 167/187/211-MODEL B 
Connection Manual (Function): B-63523EN-1 
Refer to Subsection 1.14.2, "Spindle Electronic Gear Box (M 
series)." 


(1) Input signals (PMC — CNC) 
#7 #6 #5 #4 #3 #2 #1 #0 
coos | | | meer} | | | 


(2) Output signals (CNC — PMC) 


#7 #6 #5 #4 #3 #2 #1 #0 
5.8.6 Examples of Sequences 


Refer to an applicable CNC Connection Manual (Function) for spindle 
EGB sequences. 


(a) For Series 161/181 
FANUC Series 167/187/211-MODEL B 
CONNECTION MANUAL (FUNCTION) : B-63523EN-1 
Refer to Section 1.14.2, “Spindle Electronic Gear Box (M 
series).” 
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5.8.7 List of Related Parameters 


Parameter No. 
163 


7700#0 


Description 


Direction for helical compensation 





7700#2 


Setting for releasing the synchronous mode at a reset 





7709 


Axis number for helical gear axial feed axis 





7710 


Spindle EGB slave axis number 





7771 


Spindle EGB master axis number 





7772 


The number of pulses the position sensor generates at each rotation of the tool 
axis (master axis) 
(Specify 360,000 for the IS-B.) 





7773 


The number of pulses the position sensor generates at each rotation of the 
workpiece axis (Slave axis) 
(Specify 360,000 for the IS-B.) 





8005#4 


Setting for the type of the PMC axis control constant-speed command function 





8028 


Time constant for linear-shaped Acc./Dec. in speed command-based continuous 
feed for each axis in PMC-based axis control 





8040 


Number of pulses the position sensor generates at each rotation of the spindle 
on a PMC-controlled axis 
(Specify 360,000 for the IS-B.) 





4016#3 


Setting for the feed-forward smoothing function 





4352#4 


Feed-forward setting 





4352#6 


Inter-SPM communication slave axis setting 





4352#7 


Inter-SPM communication master axis setting 





4036 


Feed forward coefficient 





4037 


Velocity loop feed forward coefficient 





4046 
4047 


Velocity proportional gain on Cs contouring control 
(This parameter is selected with the PMC input signal CTH1A.) 





4054 
4055 


Velocity integral gain on Cs contouring control 
(This parameter is selected with the PMC input signal CTH1A.) 





4069 to 4072 


Position gain on Cs contouring control 
(This parameter is selected with the PMC input signal CTH1A.) 





4386 


Number of master-axis spindle sensor teeth 





4387 


Synchronous ratio numerator 





4388 


Synchronous ratio denominator 





4498 


Denominator of the master-axis motor sensor-to-spindle arbitrary gear ratio 





4499 





Numerator of the master-axis motor sensor-to-spindle arbitrary gear ratio 


NOTE 

1 See Section IV-1.3, "PARAMETERS RELATED TO 
DETECTORS," for parameters related to detectors. 

2 See Section IV-4.1, "VELOCITY LOOP GAIN 
ADJUSTMENT," for velocity loop 
proportional/integral gain tuning. 





5.8.8 Details of Related Parameters 


For this subsection, see Subsection 5.8.8, "Details of Related 
Parameters", in Part I. 
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5.8.9 Diagnosis Signal Related to Spindle EGB 


aa) _eseripion | unit 
0717 Synchronous error between master and slave axes. Pulse 
(Weight is slave side) 


NOTE 

1 Displaying this data on the CNC diagnosis screen 
requires the ai spindle amplifier (SP) TYPE B and 
the 7 series model B CNC. 


Displaying this data on the CNC diagnosis screen 
requires the following CNC software series/editions. 
FS167/1607/160is-MB : 

BOH1 series R(18) edition or later 
FS187/1801/180is-MB : 

BDH1 series R(18) edition or later 
FS187/180i/180is-MB5 : 

BDH5 series H(08) edition or later 





5.8.10 Status Errors Related to Spindle EGB 
| ErrorNo. | Description =| SS CMeasure 


Invalid hardware configuration Check the model of the CNC in use. 
An attempt was made to enable both the To use the spindle EGB function, disable the 
spindle EGB and FAD functions. spindle FAD function. 


5.8.11 Alarms 








For this subsection, see Subsection 5.8.11, "Alarms", in Part I. 
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9.9 


9.10 


9.11 


9.12 


DIFFERENTIAL SPINDLE SPEED CONTROL 


The BiS series spindle (synchronous built-in spindle motor) does not 
support this function. 


DUAL POSITION FEEDBACK FUNCTION 


The BiS series spindle (synchronous built-in spindle motor) does not 
support this function. 


TORQUE TANDEM CONTROL FUNCTION 


The BiS series spindle (synchronous built-in spindle motor) does not 
support this function. 


MAGNETIC SENSOR METHOD SPINDLE ORIENTATION 


The BiS series spindle (synchronous built-in spindle motor) does not 
support this function. 
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5.13 SPINDLE BACKLASH ACCELERATION FUNCTION 





5.13.1 Overview 


For this subsection, see Subsection 5.3.1, "Overview", in Part I. 
5.13.2 Series and Editions of Applicable Spindle Software 


Spindle software 

Series Edition Usable CNC 
G (07) edition or later | FS16i/FS18i/ FS21i/ FS0i/ FS15i 
F (06) edition or later | FS30i / FS31i/ FS32i 
FS16i/FS18i/ FS21i/ FS0i/ FS15i 
FS30i / FS31i / FS32i 








B (02) edition or later 











5.13.3 Block Diagram 


For this subsection, see Subsection 5.13.3, "Block Diagram", in Part I. 


5.13.4 Parameters 


For this subsection, see Subsection 5.13.4, "Parameters", in Part I. 


5.13.5 Example of Adjustment 


For this subsection, see Subsection 5.13.5, "Example of Adjustment", 
in Part I. 
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A.1 ai SERIES SPINDLE PARAMETER TABLE 





ai series spindle parameters are classified into the following types: 

A: Parameters related to the setup of detectors 

B: Parameters related to the setup of various functions 
(operating modes) 

C: Unique parameters for the drive of spindle motors 
(Set the parameter data according to the parameter list for each 
motor model.) 

D: Parameters related to the setting of alarm detection conditions 


MH, ML, SH, and SL in the table represent the following: 

MH: Parameter for speed range switch high-speed characteristics on 
the main side of spindle switching (for standard motors) 

ML: Parameter for speed range switch low-speed characteristics on 
the main side of spindle switching 

SH: Parameter for speed range switch high-speed characteristics on 
the sub-side of spindle switching 

SL: Parameter for speed range switch low-speed characteristics on 
the sub-side of spindle switching 


Internal Standard Application 
data No. i i i it | initial setting Contents 
F-xxx data SH! SL 





Classifi 
-cation 


Rotation direction relationship between the spindle 
and motor 


Spindle rotation direction when a positive (+) move 
command is specified on Cs contouring control 
Return direction for the reference position on Cs 
contouring control mode 

Return direction for the reference position on servo 
mode 


Whether to use the differential spindle speed control 
function 

















Direction for differential spindle speed control 
Whether to use MRDY (machine ready) signal 
Mounting direction of the magnetic sensor 
Mounting direction of the spindle sensor 
Spindle sensor type 

Spindle sensor type 

Spindle sensor type 

Spindle sensor type 


Whether to use the rotation direction signal 
(SFR/SRV) function on Cs contouring control 


Whether to use the rotation direction signal 
(SFR/SRV) function on servo mode 


Whether to use the rotation direction signal 
(SFR/SRV) function on spindle synchronous control 


Whether to use the CMR (servo mode Cs 
contouring) function in servo mode 


Spindle orientation method 

Rotation direction during spindle orientation 
Rotation direction during spindle orientation 
Teeth number setting of spindle sensor 
Teeth number setting of spindle sensor 
Teeth number setting of spindle sensor 


























oot onononololi sno) 
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Internal Standard Application 
data No. i i j it | initial setting Contents 


F-xxx data MH/ML|SH| SL 
Teeth number setting of spindle sensor 
Setting of external one-rotation signal 

Setting of external one-rotation signal 
Command resolution for Cs contouring control 
Increment system of gear ratio 


Depends on | Increment system of spindle speed 
the model 


0 Automatic detection of one-rotation signal during 
spindle synchronous control 


Setting of analog override range 


Whether to use the command arbitrary gear ratio 
(CMR) function on rigid tapping 


Classifi 
-cation 
































Whether to detect a feedback signal disconnection 





Whether to detect the alarms (spindle alarms 41, 42, 
47, 81, 82, 83, 85, 86, and 87) related to the position 
feedback signal (when non-Cs contouring control 
mode is set) 


0 Reserved 
0 Reserved 
0 Reserved 


Depends on | Setting of output limitation method 
the model 


0 Increment system of velocity loop gain 


0 Motor power turn-off method when spindle alarm 24 
(serial data transfer error) is issued 


Whether to output the load detection signals (LDT1, 
LDT2) during acceleration/deceleration 


0 Analog override type 


Depends on | Motor sensor type 
the model 


Depends on | Motor sensor type 
the model 


Depends on | Motor sensor type 
the model 


Depends on | Teeth number setting of motor sensor 
the model 


Depends on | Teeth number setting of motor sensor 
the model 


Depends on | Teeth number setting of motor sensor 
the model 


Depends on | Number of motor poles 
the model 


Depends on | Setting of maximum output during 
the model | acceleration/deceleration 


Depends on | Number of motor poles 
the model 


Depends on | Setting of PWM carrier frequency 
the model 


Depends on | Setting of PWM carrier frequency 
the model 


Depends on | Setting of PWM carrier frequency 
the model 


1 Setting of spindle HRV function 


Depends on | Current dead-band data 
the model 


Depends on | Current dead-band data 
the model 


Depends on | Current dead-band data 
the model 
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Internal Standard Application Classifi 
data No. i i j it | initial setting Contents aes 
F-xxx data SH| SL 
#5 | Depends on | Current dead-band data 0/0 Cc 1-2.6.4 
the model 
#6 | Depends on | Current dead-band data O|/O Cc 1-2.6.4 
the model 
#7 | Depends on | Setting of a PWM carrier frequency for low-speed O Cc 1-2.6.4 
the model | characteristics area 
7H 3014|4014)4014/ #0 0 Whether to use the spindle switch function O0/0/0/0 B 1-5.2.9 
#2 0 Whether to check both spindle switch main and sub |O|}O0/0/]0O B 1-5.2.9 
magnetic contactor contacts 
#3 0 Whether to check both magnetic contactor contacts |O|O0/0]0O B 1-5.1.7 


for high-speed /low-speed characteristics in speed 
range switching 





























#6 0 Whether to use the orientation function on spindle O|/O B 1-5.5.6 
synchronous control 
#7 0 Setting of dual position feedback O0|O B 1-5.10.4 
7L 3015}4015)4015} #0 0 Whether to use the spindle orientation function O0/0/0/0 B 1-2.2.9 
#1 0 Whether to use the unexpected disturbance torque |O/O0/0/}0 B 1-5.7.5 
detection function 
#2 0 Whether to use the speed range switching function |O0/O/O0]0O B 1-5.1.7 
#3 0 Whether to use the spindle tandem function O/}0]0/}0 B 1-5.11.6 
8H 3016|}4016)4016/ #3 0 Setting of the smoothing function in feed-forward O|/O B 1-2.4.7 
control 1-5.8.7 
#4 0 Setting related to control characteristics on Cs 0/0 B 1-2.3.7 
contouring control/servo mode 1-2.4.7 
#5 0 Whether to detect the alarms (spindle alarms 81, 82, | O | O A 1-1.3.2 


85, 86) related to position feedback (on Cs 
contouring control mode) 

#6 0 Whether to detect the alarm (spindle alarms 46) 0/0 A 1-1.3.2 
related to feedback of the position detection signal 
for threading 


























#7 0 Function for newly detecting the one-rotation signal | O | O A 1-1.3.2 
before entering position control mode 
8L 3017 |4017 |4017| #0 0 This parameter sets speed integration operation when | O | O B 1-5.9.8 
differential spindle speed control is exercised. 
#7 0 Setting of shortcut orientation from stop state in O|/O B 1-2.2.9 
position coder method spindle orientation 
9H 3018}4018)4018/ #5 0 Whether to use the velocity command compensation | O | O B 1-5.4.6 
function during high-speed orientation 
#6 0 High-speed orientation function 0/0 B 1-5.4.6 
9L 3019|4019/4019] #2 1 Whether to use torque clamp at zero speed 0/0 B 1-2.6.4 
#4 0 Setting of the function for switching from high-speed | O | O B 1-5.1.7 


characteristics to low-speed characteristics with the 
speed detection signal SDT = 1 at speed range 
















































































switching 

#7 0 Automatic parameter setting function (16/) O|/O B 1-1.1.2 

1-2.6.4 

10 3020) 4020|4020 Depends on | Maximum motor speed 0/0 Cc 1-2.6.4 

the model 

11 3021 |4021)4021 100 Maximum speed on Cs contouring control mode 0/0 B 1-2.4.7 
12 3022/4022/4022 150 Speed arrival detection level (SAR) lonne) B 1-2.6.4 
13 3023 |4023|4023 30 Speed detection level (SDT) O/|;O B 1-2.6.4 
14 3024 | 4024 |4024 75 Zero speed detection level (SST) 0/0 B 1-2.6.4 
15 3025 |4025 |4025 50 Limited torque (TLMH, TLML) O|;O B 1-2.6.4 
16 3026 | 4026 |4026 83 Load detection level 1 (LDT1) lomme) B 1-2.6.4 
17 3027 |4027 |4027 95 Load detection level 2 (LDT2) 0};0|/0/0O B 1-2.6.4 
18 3028 | 4028 |4028 0 Limited output pattern O/|O B 1-2.1.6 
19 3029|4029|4029 100 Output limit O/|O B 1-2.1.6 
20 30304030 |4030 0 Soft start/stop time (SOCN) 0};0/0/O B 1-2.1.6 
21 3031 |4031 4031 0 Stop position of position coder method orientation 0/0 B 1-2.2.9 
22 3032} 4032] 4032 0 Acceleration on spindle synchronous control O|/O B 1-2.5.8 
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Internal Standard Application Classifi 
data No. i i j it | initial setting Contents pean 
F-xxx data SH| SL 
23 3033 | 4033|4033 10 Spindle synchronous speed arrival level 0/0 B 1-2.5.8 
24 3034 | 4034 | 4034 0 Shift during synchronous control of spindle phase O|/O B 1-2.5.8 
25 3035 |4035]4035 10 Compensation data for spindle phase synchronous | O | O B 1-2.5.8 
control 
26 3036 |4036 | 4036 0 Feed-forward coefficient 0|O0 B 1-2.4.7 
1-5.8.8 
27 3037 |4037 | 4037 0 Feed-forward coefficient of velocity loop oO B 1-2.4.7 
1-5.6.4 
1-5.8.8 
28 3038 | 4038 |4038 0 Spindle orientation speed 0/0 B 1-2.2.9 
1-5.4.6 
29 3039 | 4039|4039 Depends on | Slip compensation gain O Cc 1-2.6.4 
the model 
30 3040|4040|4040 10 Velocity loop proportional gain on velocity control O|/O B 1-2.1.6 
mode (High) 
31 3041 |4041)4041 10 Velocity loop proportional gain on velocity control O|/O B 1-2.1.6 
mode (Low) 
32 3042 |4042| 4042 10 Velocity loop proportional gain on orientation (High) | O | O B 1-2.2.9 
33 3043 |4043)4043 10 Velocity loop proportional gain on orientation (Low) | O|O B 1-2.2.9 
34 3044 |4044|4044 10 Velocity loop proportional gain on servo 0/0 B 1-2.3.7 
mode/spindle synchronous control (High) 1-2.5.8 


Velocity loop proportional gain on servo 
mode/spindle synchronous control (Low) 





Velocity loop proportional gain on Cs contouring 
control (High) 


Velocity loop proportional gain on Cs contouring 
control (Low) 


Velocity loop integral gain on velocity control mode 
(High) 

Velocity loop integral gain on velocity control mode 
(Low) 

Velocity loop integral gain on orientation (High) 
Velocity loop integral gain on orientation (Low) 


Velocity loop integral gain on servo mode/spindle 
synchronous control (High) 























Velocity loop integral gain on servo mode/spindle 
synchronous control (Low) 





O 
oO 
w 


Velocity loop integral gain on Cs contouring control 
(High) 

Velocity loop integral gain on Cs contouring control 
(Low) 

Gear ratio (High) 

Gear ratio (Medium High) 

Gear ratio (Medium Low) 

Gear ratio (Low) 

Position gain on orientation (High) 

Position gain on orientation (Medium High) 
Position gain on orientation (Medium Low) 

Position gain on orientation (Low) 


Ordinary orientation: Rate of change in position gain 
upon completion of orientation 

High-speed orientation: Rate of change in position 
gain upon completion of orientation 

Position gain on servo mode/spindle synchronous 
control (High) 





O 
O 
ive) 





























O}| O} 0} O] 0} O] 0] OJ O 
O}| O} 0} 0] 0} 0} 0] OJ 0 
|] WO} DW) Ww) >} >| S| > 








Position gain on servo mode/spindle synchronous 
control (Medium High) 





Position gain on servo mode/spindle synchronous 
control (Medium Low) 
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Internal Standard Application Classifi 
data No. i i j it | initial setting Contents aan 
F-xxx data SH| SL 
58 3068 | 4068 | 4068 1000 Position gain on servo mode/spindle synchronous O|/O B 1-2.3.7 
control (Low) 1-2.5.8 
59 3069|4069)|4069 3000 Position gain on Cs contouring control (High) 0/0 B 1-2.4.7 
60 3070|4070|4070 3000 Position gain on Cs contouring control (Medium O|/O B 1-2.4.7 
High) 
61 3071|4071)4071 3000 Position gain on Cs contouring control (Medium O|/O B 1-2.4.7 
Low) 
62 3072|4072|4072 3000 Position gain on Cs contouring control (Low) O|/O B 1-2.4.7 
63 3073|4073|4073 0 Grid shift on servo mode 0/0 B 1-2.3.7 
64 3074/4074 /4074 0 Reference position return speed on Cs contouring O;}O/;/O0O];O B 1-2.3.7 
control/servo mode 1-2.4.7 
65 3075|4075|4075 10 Detection level for orientation completion signal O|/O B 1-2.2.9 
(ORAR) 
66 3076|4076|4076 33 Ordinary orientation: Motor speed limit value on O|/O B 1-2.2.9 
orientation 
High-speed orientation: Reserved 
67 3077 |4077|4077 0 Orientation stop position shift 0/0 B 1-2.2.9 
68 3078)| 4078/4078 200 MS signal constant O0|O B 1-5.12.6 
69 3079| 40794079 0 MS signal gain adjustment O0|O B 1-5.12.6 
70 3080|4080|4080 Depends on | Regenerative power limit for high-speed oO Cc 1-2.6.4 
the model | zone/regenerative power limit 
71 3081 |4081)4081 20 Delay time until motor power is cut off 0/0 B 1-2.1.6 
72 3082 | 4082] 4082 10 Setting of acceleration/deceleration time 0/0 B 1-2.1.6 
73 3083 | 4083|4083 Depends on | Motor voltage on velocity control mode oO Cc 1-2.1.6 
the model 
74 3084 | 4084 | 4084 Depends on | Motor voltage on orientation 0/0 Cc 1-2.2.9 
the model 1-5.4.6 
75 3085 | 4085/4085 Depends on | Motor voltage on servo mode/spindle synchronous | O Cc 1-2.3.7 
the model | control mode 1-2.5.8 
76 3086 | 4086 |4086 100 Motor voltage on Cs contouring control 0/0 Cc 1-2.4.7 
77 3087 |4087 |4087 115 Overspeed level O0|/O0}O0/O0 D 1-2.6.4 
78 3088 | 4088 | 4088 75 Level for detecting excess velocity error when motor | O | O | O| O D 1-2.6.4 
is restrained 
79 3089 |4089]4089 200 Level for detecting excess velocity error when motor | O |O | O| O D 1-2.6.4 
rotates 
80 3090}|4090|4090 90 Overload detection level O0/O0}O0/O0 D 1-2.6.4 
81 3091 |4091)4091 100 Rate of change in position gain during reference O|/O B 1-2.3.7 
position return on servo mode 
82 3092 |4092|4092 100 Rate of change in position gain during reference O|/O B 1-2.4.7 
position return on Cs contouring control 
83 3093 | 4093/4093 Depends on | Value displayed on load meter at maximum output oO Cc App. B 
the model 
84 3094 | 4094 | 4094 0 Disturbance torque compensation constant O|/O B 1-2.4.7 
(acceleration feedback gain) 
85 3095|4095|4095 0 Adjusted output voltage of speedometer O0/O0}O0/O0 B 1-2.6.4 
86 3096 |4096 | 4096 0 Adjusted output voltage of load meter 0/O0}O0/O0 B 1-2.6.4 
87 3097 | 4097 |4097 0 Feedback gain of spindle speed 0|O0 B 1-2.4.7 
88 3098] 4098 |4098 0 Maximum speed for position feedback signal O0|/O0}O0/;O A 1-1.3.2 
detection 
89 3099) 40994099 0 Delay time for motor excitation O0/0/0/0 B 1-2.3.7 
1-2.4.7 
90 3100|4100}4100 Depends on | Base speed of motor output specifications oO Cc 1-2.6.4 
the model 
91 3101/4101/4101 Depends on | Output limit for motor output specifications oO Cc 1-2.6.4 
the model 
92 3102|4102|4102 Depends on | Excitation voltage saturation speed at no-load oO Cc 1-2.6.4 
the model 
93 3103|4103]4103 Depends on | Base speed limit ratio oO Cc 1-2.6.4 
the model 
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Internal Standard Application Classifi 
data No. i i j it | initial setting Contents ee 
F-xxx data ML|SH/SL 
Depends on | Current loop proportional gain 
the model 
0 Reserved 
96 3106| 4106/4106 Depends on | Current loop integral gain O Cc 1-2.6.4 
the model 
97 3107|4107|4107 0 Reserved oO Cc 
98 3108] 4108/4108 Depends on | Velocity at which the current loop integral gain is Oo Cc 1-2.6.4 
the model | zero 
99 3109|4109}4109 Depends on | Filter time constant for processing saturation related | O Cc 1-2.6.4 
the model | to the voltage command 
100 3110|4110}4110 Depends on | Current conversion constant oO Cc 1-2.6.4 
the model 
101 3111/4111/4111 Depends on | Secondary current coefficient oO Cc 1-2.6.4 
the model 
102 3112|4112]4112 Depends on | Criterion level for saturation related to the voltage O Cc 1-2.6.4 
the model | command/PWM command clamp value 
103 3113|4113]4113 Depends on | Slip constant oO Cc 1-2.6.4 
the model 
104 3114|4114]4114 Depends on | Slip compensation coefficient for a high-speed O Cc 1-2.6.4 
the model | zone/slip compensation coefficient at deceleration 
105 3115/4115/4115 Depends on | PWM command clamp value at deceleration O Cc 1-2.6.4 
the model 
106 3116|4116]4116 Depends on | Motor leakage constant O Cc 1-2.6.4 
the model 
107 3117|4117]4117 Depends on | Regular-time voltage compensation coefficient for oO Cc 1-2.6.4 
the model | high-speed zone/regular-time motor voltage 
coefficient 
108 3118/4118]4118 Depends on | Acceleration-time voltage compensation coefficient | O Cc 1-2.6.4 
the model | for high-speed zone/acceleration-time motor voltage 
coefficient 
109 3119|4119]4119 Depends on | Deceleration-time excitation current change time O Cc 1-2.6.4 
the model | constant/excitation current change time constant 
110 3120| 4120/4120 Depends on | Dead-band rectangular wave component zero O0/|O0/0/0 Cc 1-2.6.4 
the model | voltage/dead-band data 
111 3121|4121/4121 5 Time constant for changing the torque (TCMD filter | O B 1-4.2.1 
time constant) 
112 3122|4122|4122 0 Time constant for velocity detecting filter 0/0 B 1-2.6.4 
113 3123) 4123]4123 30 Short-time overload detection time 0;/O0}O0/O0 D 1-2.6.4 
114 3124|4124|4124 0 Reserved oO Cc 
117 3127|4127|4127 Depends on | Value displayed on load meter at maximum output oO Cc 1-2.6.4 
the model 
118 3128) 4128/4128 Depends on | Compensation coefficient between the specification | O Cc 1-2.6.4 
the model | and true base/maximum torque curve compensation 
coefficient 
119 3129|4129]4129 Depends on | Secondary current coefficient for rigid tapping Oo Cc 1-2.6.4 
the model 
120 3130] 4130/4130 Depends on | Current loop proportional gain speed O Cc 1-2.6.4 
the model | coefficient/current phase delay compensation 
coefficient 
121 3131 4131/4131 0 Time constant for velocity detecting filter (on Cs O|/O B 1-2.4.7 
contouring control) 
123 3133|4133]4133 Depends on | Motor model code 0/0 Cc 1-1.1.2 
the model 1-2.6.4 
124 3134| 4134/4134 Depends on | Motor overheat detect level (2-word) 0/0 Cc 1-2.6.4 
125 the model 
126 3135] 4135/4135 0 Grid shift during Cs contouring control mode | O|/O B 1-2.4.7 
127 (2-word) 
128 3136| 4136/4136 Depends on | Motor voltage on velocity control mode O Cc App. B 
the model 
129 3137|4137|4137 Depends on | Motor voltage on servo mode/spindle synchronous O Cc App. B 


the model | control mode 
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Internal Standard Application Classifi 
data No. i i j it | initial setting Contents cae 
F-xxx data MH SH| SL 
130 3138] 4138/4138 Depends on | Base speed of motor output specifications oO Cc App. B 
the model 
131 3139|4139]4139 Depends on | Output limit for motor output specifications oO Cc App. B 
the model 
132 3140|4140/4140 Depends on | Excitation voltage saturation speed at no-load oO Cc App. B 
the model 
133 3141/4141/4141 Depends on | Base speed limit ratio O Cc App. B 
the model 
134 3142|4142|4142 Depends on | Current loop proportional gain O Cc App. B 
the model 
135 3143|4143]4143 Depends on | Current loop integral gain oO Cc App. B 
the model 
136 3144|4144/4144 Depends on | Velocity at which the current loop integral gain is O Cc App. B 
the model | zero 
137 3145|4145/4145 Depends on | Filter time constant for processing saturation related O Cc App. B 
the model | to the voltage command 
138 3146| 4146/4146 Depends on | Current conversion constant oO Cc App. B 
the model 
139 3147|4147|4147 Depends on | Secondary current coefficient oO Cc App. B 
the model 
140 3148] 4148/4148 Depends on | Criterion level for saturation related to the voltage O Cc App. B 
the model | command/PWM command clamp value 
141 3149|4149/4149 Depends on | Slip constant O Cc App. B 
the model 
142 3150|4150}4150 Depends on | Slip compensation coefficient for a high-speed O Cc App. B 
the model | zone/slip compensation coefficient at deceleration 
143 3151/4151/4151 Depends on | PWM command clamp value at deceleration oO Cc App. B 
the model 
144 3152|4152|4152 Depends on | Motor leakage constant oO Cc App. B 
the model 
145 3153}4153]4153 Depends on | Regular-time voltage compensation coefficient for O Cc App. B 
the model | high-speed zone/regular-time motor voltage 
coefficient 
146 3154| 4154/4154 Depends on | Acceleration-time voltage compensation coefficient O Cc App. B 
the model | for high-speed zone/acceleration-time motor voltage 
coefficient 
147 3155|4155|4155 0 Reserved oO Cc App. B 
148 3156| 4156/4156 Depends on | Slip compensation gain oO Cc App. B 
the model 
149 3157|4157|4157 5 Time constant for changing the torque (TCMD filter O B App. B 
time constant) 
150 3158] 4158/4158 Depends on | Compensation coefficient between the specification O Cc App. B 
the model | and true base/maximum torque curve compensation 
coefficient 
151 3159|4159|4159 Depends on | Secondary current coefficient for rigid tapping oO Cc App. B 
the model 
152 3160|4160/4160 0 Hysteresis of speed detection level O;0;O];O B 1-5.1.7 
153 3161/4161/4161 Depends on | Current loop proportional gain speed O Cc App. B 
the model | coefficient/current phase delay compensation 
coefficient 
154 3162/}4162|4162 0 Integral gain of velocity loop during cutting feed on O|/O B 1-2.4.7 
Cs contouring control mode (High) 
155 3163}4163]4163 0 Integral gain of velocity loop during cutting feed on O|/O B 1-2.4.7 
Cs contouring control mode (Low) 
157 3165|4165/4165 Depends on | Deceleration-time excitation current change time O Cc App. B 
the model | constant/excitation current change time constant 
158 3166| 4166/4166 Depends on | Regenerative power limit for high-speed O Cc App. B 
the model | zone/regenerative power limit 
160 3168|4168]4168 0 Current overload alarm detection level oO D App. B 
161 3169|4169/4169 Depends on | Temperature monitoring time constant 0/0 Cc 1-2.6.4 
the model 
162 3170)4170|4170 0 Current overload alarm detection level oO D 1-2.6.4 
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Internal Standard Application Classifi 
data No. i i j it | initial setting Contents if oe 
F-xxx data SH| SL car 
163 3171|4171/4171 0 Denominator of arbitrary gear ratio between motor O|/O A 1-1.3.2 
sensor and spindle (High) 
164 3172|4172|4172 0 Numerator of arbitrary gear ratio between motor O|/O A I-1.3.2 
sensor and spindle (High) 
165 3173|4173]4173 0 Denominator of arbitrary gear ratio between motor O|/O A 1-1.3.2 
sensor and spindle (Low) 
166 3174|4174/4174 0 Numerator of arbitrary gear ratio between motor O|/O A 1-1.3.2 
sensor and spindle (Low) 
168H |3176|4176/4176| #0 0 Rotation direction relationship between the spindle O0|O A App. B 
and motor 
#4 0 Return direction for the reference position on servo O0|O B App. B 
mode 
168L = |3177|4177|4177)| #0 1 Whether to use MRDY (machine ready) signal O|/O B App. B 
#3 0 Mounting direction of the magnetic sensor 0/0 B App. B 
#4 0 Mounting direction of the spindle sensor 0/0 A App. B 
169H |3178]/4178/4178] #0 0 Spindle sensor type O|O A App. B 
#1 0 Spindle sensor type O|/O A App. B 
#2 0 Spindle sensor type O|/O A App. B 
#3 0 Spindle sensor type O|/O A App. B 
#5 0 Whether to use the rotation direction signal O0|O B App. B 
(SFR/SRV) function on servo mode 
169L |/3179|4179|4179) #0 0 Spindle orientation method 0/0 B App. B 
#2 0 Rotation direction during spindle orientation O|O B App. B 
#3 0 Rotation direction during spindle orientation O|/O B App. B 
#4 0 Teeth number setting of spindle sensor O|O A App. B 
#5 0 Teeth number setting of spindle sensor 0/0 A App. B 
#6 0 Teeth number setting of spindle sensor O|O A App. B 
#7 0 Teeth number setting of spindle sensor O0|/O A App. B 
170H |3180|]4180/4180| #2 0 Setting of external one-rotation signal 0/0 A App. B 
#3 0 Setting of external one-rotation signal O|/O A App. B 
171H = |3182)4182}4182| #1 0 Increment system of gear ratio O|O A App. B 
#2 | Depends on | Increment system of spindle speed O|/O Cc App. B 
the model 
#5 0 Setting of analog override range O|/O B App. B 
#7 0 Whether to use the command arbitrary gear ratio O0|O B App. B 
(CMR) function on rigid tapping 
171L = |3183]4183/4183)] #5 0 Whether to detect a feedback signal disconnection 0|O A App. B 
#6 0 Whether to detect the alarms (spindle alarms 41, 42, 0|O A App. B 
47, 81, 82, 83, 85, 86, and 87) related to the position 
feedback signal (when Cs contouring control mode 
is not set) 
172H = |3184}4184)/4184 | #0 0 Reserved oO Cc 
#1 0 Reserved O Cc 
#2 0 Reserved 0|O Cc 
#4 | Depends on | Setting of output limitation method 0/0 Cc App. B 
the model 
172L = |3185]4185}4185) #0 0 Increment system of velocity loop gain O0|/O B App. B 
#2 0 Motor power turn-off method when spindle alarm 24 O0|O D App. B 
(serial data transfer error) is issued 
#4 0 Whether to output the load detection signals (LDT1, O0|O B App. B 
LDT2) during acceleration/deceleration 
#6 0 Analog override type O|/O B App. B 
173H  |3186|4186/4186|#0 | Depends on | Motor sensor type O0|O A App. B 
the model 
#1 | Depends on | Motor sensor type O0|O A App. B 
the model 
#2 | Depends on | Motor sensor type O0|O A App. B 
the model 
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Internal Standard Application Classifi 
data No. i i j it | initial setting Contents en 
-cation 
F-xxx data MH/ML 
173L |3187|4187|4187)|#0| Depends on | Teeth number setting of motor sensor O|/O A App. B 
the model 
#1 | Depends on | Teeth number setting of motor sensor O|/O A App. B 
the model 
#2 | Depends on | Teeth number setting of motor sensor O|/O A App. B 
the model 
#3 | Depends on | Number of motor poles 0/0 Cc App. B 
the model 
#4 | Depends on | Setting of maximum output during O0|O Cc App. B 
the model | acceleration/deceleration 
#7 | Depends on | Number of motor poles O|/O Cc App. B 
the model 
174H |3188)4188]4188] #0 | Depends on | Setting of PWM carrier frequency O|/O Cc App. B 
the model 
#1 | Depends on | Setting of PWM carrier frequency O|/O Cc App. B 
the model 
#2 | Depends on | Setting of PWM carrier frequency O|/O Cc App. B 
the model 
174L  |3189]4189|4189) #2 | Depends on | Current dead-band data O0|O0 Cc App. B 
the model 
#3 | Depends on | Current dead-band data O0|O0 Cc App. B 
the model 
#4 | Depends on | Current dead-band data O|O0 Cc App. B 
the model 
#5 | Depends on | Current dead-band data O0|O Cc App. B 
the model 
#6 | Depends on | Current dead-band data O|O Cc App. B 
the model 
#7 | Depends on | Setting of a PWM carrier frequency for low-speed oO Cc App. B 
the model | characteristics area 
176L =|3191}4191/4191] #0 0 Whether to use the spindle orientation function B 
#1 0 Whether to use the spindle load detection function B 
#2 0 Whether to use the output switching function B 
#3 0 Whether to use the spindle tandem function B 
176H |3192|]4192/4192] #3 0 Setting of the smoothing function in feed-forward O0|O B App. B 
control 
#4 0 Setting related to control characteristics on servo 0|O B App. B 
mode 
#6 0 Whether to detect the alarm (spindle alarms 46) O0|O A App. B 
related to feedback of the position detection signal 
for threading 
#7 0 Function for newly detecting the one-rotation signal O0|O A App. B 
before entering position control mode 
176L = |3193]4193]}4193) #7 0 Setting of shortcut orientation from stop state in O0|O B App. B 
position coder method spindle orientation 
177H_ =|3194}4194)4194] #5 0 Whether to use the velocity command compensation O0|}O0 B App. B 
function during high-speed orientation 
#6 0 High-speed orientation function O0|O B App. B 
177L = |3195|4195|4195) #2 1 Whether to use torque clamp at zero speed O|/O B App. B 
#4 0 Setting of the function for switching from high-speed O0|O B App. B 
characteristics to low-speed characteristics with the 
speed detection signal SDT = 1 at speed range 
switching 
#7 0 Automatic parameter setting function (167/307) O0|O B App. B 
178 3196|4196|4196 Depends on | Maximum motor speed O|/O Cc App. B 
the model 
179 3197|4197|4197 150 Speed arrival detection level (SAR) O|/O B App. B 
180 3198/4198/4198 30 Speed detection level (SDT) 0|O0 B App. B 
181 3199|4199}4199 75 Zero speed detection level (SST) O|/O B App. B 
182 3200|4200|4200 50 Limited torque (TLMH, TLML) 0|O0 B App. B 
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Internal Standard Application Classifi 
data No. initial setting Contents -cation 
F-xxx data MH/ML|SH/ SL can 
183 3201 |4201 4201 83 Load detection level 1 (LDT1) 0|O0 B App. B 
184 3202 | 4202 |4202 0 Limited output pattern 0/0 B App. B 
185 3203]4203|4203 100 Output limit 0|O0 B App. B 
186 3204 | 4204 | 4204 0 Stop position of position coder method orientation O|/O B App. B 
187 3205|4205|4205 0 Spindle orientation speed 0/0 B App. B 
188 3206 | 4206] 4206 10 Velocity loop proportional gain on velocity control O0|O B App. B 
mode (High) 
189 3207 |4207|4207 10 Velocity loop proportional gain on velocity control O0|O B App. B 
mode (Low) 
190 3208] 4208 |4208 10 Velocity loop proportional gain on orientation (High) 0|O0 B App. 
191 3209] 4209 |4209 10 Velocity loop proportional gain on orientation (Low) O|;O B App. B 
192 3210)4210)4210 10 Velocity loop proportional gain on servo mode O0|}O B App. B 
(High) 
193 3211)4211]4211 10 Velocity loop proportional gain on servo mode (Low) O|;O B App. B 
194 3212]4212|4212 10 Velocity loop integral gain on velocity control mode O0|}O B App. B 
(common to High and Low) 
195 3213}4213]4213 10 Velocity loop integral gain on orientation (common O0|O B App. B 
to High and Low) 
196 3214}4214|4214 10 Velocity loop integral gain on servo mode (common 0|O B App. B 
to High and Low) 
197 3215}4215)]4215 0 Primary delay time constant in dual position O/O B 1-1.5.10 
feedback [in Cs contour control] 
198 3216|4216|4216 100 Gear ratio (High) O|O A App. B 
199 3217|4217|4217 100 Gear ratio (Low) O|;O A App. B 
200 3218] 4218/4218 1000 Position gain on orientation (High) O|;O B App. B 
201 3219|4219|/4219 1000 Position gain on orientation (Low) 0|O0 B App. B 
202 3220|4220|4220 100 Ordinary orientation: Rate of change in position gain O0|O B App. B 
upon completion of orientation 
High-speed orientation: Rate of change in position 
gain upon completion of orientation 
203 322142214221 1000 Position gain on servo mode (High) 0|O0 B App. B 
204 3222 |4222|4222 1000 Position gain on servo mode (Low) 0|O B App. B 
205 3223] 4223 |4223 0 Grid shift on servo mode O|}O B App. B 
206 3224 |4224|4224 0 Maximum amplitude in dual position feedback [in Cs | O | O B 1-1.5.10 
contour control] 
207 3225|4225|4225 0 Dual position feedback zero width [in Cs contour O|/O B 1-1.5.10 
control] 
208 3226 | 4226 | 4226 10 Detection level for orientation completion signal 0|O B App. B 
(ORAR) 
209 3227 | 4227 |4227 33 Ordinary orientation: Motor speed limit value on O0|O B App. B 
orientation 
High-speed orientation: Reserved 
210 3228 | 4228] 4228 0 Orientation stop position shift 0/0 B App. B 
211 3229 | 4229 |4229 200 MS signal constant O0|O B App. B 
212 3230 | 4230|4230 0 MS signal gain adjustment 0|O B App. B 
213 3231 | 4231 |4231 Depends on | Regenerative power limit for high-speed oO Cc App. B 
the model | zone/regenerative power limit 
214 3232 | 4232 | 4232 20 Delay time until motor power is cut off 0/0 B App. B 
215 3233 | 4233 | 4233 10 Setting of acceleration/deceleration time O|/O B App. B 
216 3234 | 4234 | 4234 0 Spindle load monitor observer gain 1 O|/O B App. B 
217 3235 |4235|4235 0 Spindle load monitor observer gain 2 O|/O B App. B 
218 3236 | 4236 |4236 Depends on | Motor voltage on velocity control mode oO Cc App. B 
the model 
219 3237 | 4237 |4237 Depends on | Motor voltage on orientation 0/0 Cc App. B 
the model 
220 3238 | 4238 |4238 Depends on | Motor voltage on servo mode oO Cc App. B 
the model 
221 3239] 4239] 4239 100 Rate of change in position gain during reference O0|O B App. B 
position return on servo mode 
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Internal Standard Application Classifi 
data No. i i j it | initial setting Contents eu 
-cation 
F-xxx data MH/ML 
222 3240 |4240|4240 0 Feed-forward coefficient O;|0 B App. B 
223 3241 |4241|4241 0 Feed-forward coefficient of velocity loop oO B App. B 
225 3243 | 4243 |4243 0 Denominator of arbitrary gear ratio between motor O0|O A App. B 
sensor and spindle (High) 
226 3244 | 4244/4244 0 Numerator of arbitrary gear ratio between motor O0|O A App. B 
sensor and spindle (High) 
227 3245 | 4245 |4245 0 Denominator of arbitrary gear ratio between motor O0|O A App. B 
sensor and spindle (Low) 
228 3246 | 4246 |4246 0 Numerator of arbitrary gear ratio between motor O0|O A App. B 
sensor and spindle (Low) 
230 3248 | 4248] 4248 0 Spindle load monitor torque constant oO B 1-5.7.5 
231 3249 |4249|4249 0 Spindle load monitor observer gain 1 0/0 B 1-5.7.5 
232 3250|4250|4250 0 Spindle load monitor observer gain 2 0/0 B 1-5.7.5 
236 3254 | 4254 |4254 Depends on | Slip compensation gain oO Cc App. B 
the model 
237 3255 | 4255 |4255 Depends on | Slip compensation gain oO Cc App. B 
the model 
238 3256 | 4256 |4256 Depends on | Base speed of motor output specifications Oo Cc App. B 
the model 
239 3257 | 4257 |4257 Depends on | Output limit for motor output specifications oO Cc App. B 
the model 
240 3258 | 4258 |4258 Depends on | Excitation voltage saturation speed at no-load oO Cc App. B 
the model 
241 3259 | 4259 |4259 Depends on | Base speed limit ratio oO Cc App. B 
the model 
242 3260|4260|4260 Depends on | Current loop proportional gain oO Cc App. B 
the model 
243 3261) 4261/4261 Depends on | Current loop integral gain O Cc App. B 
the model 
244 3262 | 4262 |4262 Depends on | Velocity at which the current loop integral gain is O Cc App. B 
the model | zero 
245 3263 | 4263 |4263 Depends on | Filter time constant for processing saturation related oO Cc App. B 
the model | to the voltage command 
246 3264 | 4264 |4264 Depends on | Current conversion constant O Cc App. B 
the model 
247 3265 |4265|4265 Depends on | Secondary current coefficient oO Cc App. B 
the model 
248 3266 | 4266 |4266 Depends on | Criterion level for saturation related to the voltage oO Cc App. B 
the model | command/PWM command clamp value 
249 3267 | 4267 |4267 Depends on | Slip constant oO Cc App. B 
the model 
250 3268 | 4268 |4268 Depends on | Slip compensation coefficient for a high-speed oO Cc App. B 
the model | zone/slip compensation coefficient at deceleration 
251 3269 | 4269 |4269 Depends on | PWM command clamp value at deceleration oO Cc App. B 
the model 
252 3270|4270|4270 Depends on | Motor leakage constant O Cc App. B 
the model 
253 3271|4271|4271 Depends on | Regular-time voltage compensation coefficient for oO Cc App. B 
the model | high-speed zone/regular-time motor voltage 
coefficient 
254 3272|4272|4272 Depends on | Acceleration-time voltage compensation coefficient oO Cc App. B 
the model | for high-speed zone/acceleration-time motor voltage 
coefficient 
255 3273|4273|4273 5 Time constant for changing the torque (TCMD filter O B App. B 
time constant) 
256 3274 |4274 |4274 Depends on | Value displayed on load meter at maximum output oO Cc App. B 
the model 
257 3275|4275|4275 Depends on | Compensation coefficient between the specification oO Cc App. B 
the model | and true base/maximum torque curve compensation 
coefficient 
258 3276|4276|4276 Depends on | Secondary current coefficient for rigid tapping O Cc App. B 
the model 
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Internal Standard Application Classifi 
data No. i i j it | initial setting Contents cae 
F-xxx data MH/ML SL ' 
259 3277|4277|4277 Depends on | Current loop proportional gain speed oO Cc App. B 
the model | coefficient/current phase delay compensation 
coefficient 
260 3278 |4278|4278 0 Time constant for velocity detecting filter O|/O B App. B 
261 3279|4279|4279 Depends on | Value displayed on load meter at maximum output oO Cc App. B 
the model 
262 3280 | 4280 |4280 Depends on | Deceleration-time excitation current change time oO Cc App. B 
the model | constant/excitation current change time constant 
263 3281 |4281|4281 0 Spindle load monitor torque constant oO B App. B 
264 3282 | 4282 | 4282 0 Spindle load monitor torque constant O B App. B 
265 3283 | 4283 | 4283 0 Spindle load monitor torque constant O B App. B 
266 3284 | 4284 | 4284 Depends on | Motor voltage on velocity control mode oO Cc App. B 
the model 
267 3285 | 4285 |4285 Depends on | Motor voltage on servo mode oO Cc App. B 
the model 
268 3286 | 4286 |4286 Depends on | Base speed of motor output specifications oO Cc App. B 
the model 
269 3287 | 4287 |4287 Depends on | Output limit for motor output specifications oO Cc App. B 
the model 
270 3288 | 4288 |4288 Depends on | Excitation voltage saturation speed at no-load O Cc App. B 
the model 
271 3289 | 4289 |4289 Depends on | Base speed limit ratio O Cc App. B 
the model 
272 3290|4290|4290 Depends on | Current loop proportional gain O Cc App. B 
the model 
273 32914291 |4291 Depends on | Current loop integral gain O Cc App. B 
the model 
274 3292 | 4292|4292 Depends on | Velocity at which the current loop integral gain is oO Cc App. B 
the model | zero 
275 3293 | 4293 |4293 Depends on | Filter time constant for processing saturation related O Cc App. B 
the model | to the voltage command 
276 3294 | 4294 |4294 Depends on | Current conversion constant O Cc App. B 
the model 
277 3295 |4295|4295 Depends on | Secondary current coefficient oO Cc App. B 
the model 
278 3296 | 4296 |4296 Depends on | Criterion level for saturation related to the voltage oO Cc App. B 
the model | command/PWM command clamp value 
279 3297 | 4297 |4297 Depends on | Slip constant O Cc App. B 
the model 
280 3298 | 4298 |4298 Depends on | Slip compensation coefficient for a high-speed oO Cc App. B 
the model | zone/slip compensation coefficient at deceleration 
281 3299 | 4299 |4299 Depends on | PWM command clamp value at deceleration O Cc App. B 
the model 
282 3300|4300|4300 Depends on | Motor leakage constant oO Cc App. B 
the model 
283 3301 |4301|4301 Depends on | Regular-time voltage compensation coefficient for oO Cc App. B 
the model | high-speed zone/regular-time motor voltage 
coefficient 
284 3302 | 4302|4302 Depends on | Acceleration-time voltage compensation coefficient O Cc App. B 
the model | for high-speed zone/acceleration-time motor voltage 
coefficient 
285 3303 | 4303|4303 5 Time constant for changing the torque (TCMD filter oO B App. B 
time constant) 
286 3304 | 4304 |4304 Depends on | Compensation coefficient between the specification O Cc App. B 
the model | and true base/maximum torque curve compensation 
coefficient 
287 3305|4305|4305 Depends on | Secondary current coefficient for rigid tapping O Cc App. B 
the model 
288 3306 | 4306 |4306 Depends on | Current loop proportional gain speed O Cc App. B 
the model | coefficient/current phase delay compensation 
coefficient 
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Internal Standard Application Classifi 
data No. i i j it | initial setting Contents A oe 
F-xxx data MH/ML|SH ea 
289 3307 | 4307 |4307 Depends on | Regenerative power limit for high-speed oO Cc App. B 
the model | zone/regenerative power limit 
290 3308 | 4308 |4308 Depends on | Deceleration-time excitation current change time oO Cc App. B 
the model | constant/excitation current change time constant 
291 3309|4309|4309 Depends on | Motor model code O|/O Cc App. B 
the model 
292 3310|4310}4310 Depends on | Motor overheat detect level (2-word) O|/O Cc App. B 
293 the model 
304 3320|4320|4320 0 Motor acceleration at deceleration time (High) 0/0 B 1-5.4.6 
305 3321 |4321|4321 0 Motor acceleration at deceleration time (Medium O|/O B 1-5.4.6 
High) 
306 3322 |4322|4322 0 Motor acceleration at deceleration time (Medium O|/O B 1-5.4.6 
Low) 
| 307 3323 | 4323 |4323 0 Motor acceleration at deceleration time (Low) 0/0 B 1-5.4.6 | 
308 3324 |4324|4324 0 Motor acceleration at deceleration time (High) 0/0 B App. B 
309 3325 | 4325 |4325 0 Motor acceleration at deceleration time (Low) O|/O B App. B 
310 3326 | 4326 | 4326 0 Acceleration limitation start speed at deceleration O|/O B 1-5.4.6 
time (High) 
311 3327] 4327 |4327 0 Acceleration limitation start speed at deceleration O|}O B App. B 
time (High) 
312 3328 | 4328] 4328 0 Command multiplication for spindle orientation by O|/O B 1-5.3.6 
position coder 
313 3329] 4329 |4329 0 Command multiplication for spindle orientation by O0|O B App. B 
position coder 
314 3330} 4330|4330 0 Acceleration limitation start speed at deceleration O|/O B 1-5.4.6 
time (Low) 
315 33314331 |4331 0 Acceleration limitation start speed at deceleration O0|}O B App. B 
time (Low) 
316 3332 |4332|4332 0 Reserved oO Cc 
317 3333 |4333|4333 0 Reserved oO Cc 
318 3334 | 4334 |4334 0 Number of motor sensor arbitrary teeth 0/0 A 1-1.3.2 
319 3335 | 4335 |4335 0 Number of motor sensor arbitrary teeth O|/O A App. B 
320 3336 | 4336 | 4336 0 Switching point used for an 0|/O0}0/;/0O B 1-2.5.8 
acceleration/deceleration time constant used for 
spindle synchronous control 
324 3340 |4340|4340 0 Bell-shaped acceleration/deceleration time constant | O |O}|O|O B 1-2.5.8 
during spindle synchronous control 
325 3341 |4341 |4341 0 Unexpected disturbance torque detection level 0|/O0}O0/O0 B 1-5.7.5 
328 3344 | 4344 | 4344 0 Advanced preview feed-forward coefficient O0/0/0/0 B 1-5.6.4 
329 3344 | 4345] 4345 0 Spindle motor speed specification detection level O0/0/0/0 B 1-2.6.4 
330 3346 | 4346 |4346 0 Incomplete integration factor O0/O0/0/0 B 1-2.5.8 
1-2.6.4 
331 3347 |4347 |4347 0 Master-slave speed difference state signal output 0/0 B 1-5.10.6 
setting 
332 3348 | 4348] 4348 0 Current overload alarm detection level oO D App. B 
333 3349 | 4349 |4349 Depends on | Temperature monitoring time constant O|/O Cc App. B 
the model 
334 3350 }4350|4350 0 Current overload alarm detection level oO D App. B 
335 33514351 |4351 0 Current detection offset compensation 0/0/0/0 B 1-2.6.4 
336H = |3352/4352|4352| #1 0 Setting of the peak hold function for load meter O|/O B 1-2.1.6 
output 
#4 0 Setting of whether to enable/disable feed forward at | O | O B 1-5.8.8 
all times 
#6 0 : des on ; : O0|;O B 1-5.8.8 
Inter-spindle amplifier communication slave axis setting 15.11.4 
#7 0 Inter-spindle amplifier communication master axis O|O B 1-5.8.8 
setting 1-5.11.4 
336L = |3353)4353|4353 | #1 0 Velocity feedback signal setting in torque tandem O0|O B 1-5.11.6 
operation 
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Internal Standard Application 
data No. i i j it | initial setting Contents 
F-xxx data SH| SL 


Classifi 
-cation 





Relationship of master/slave motor rotation directions in 
torque tandem operation 


Excessive semi-closed loop/closed loop position error 
alarm detection level [in Cs contour control] 


Motor sensor signal amplitude ratio compensation 











Motor sensor signal phase difference compensation 





Spindle sensor signal amplitude ratio compensation 





Spindle sensor signal phase difference 
compensation 





Preload value 

Number of spindle sensor arbitrary teeth 
Load meter compensation 1 

Load meter compensation 2 

Load meter compensation 3 

Load meter compensation 1 

Load meter compensation 2 

Load meter compensation 3 


Spindle synchronous orientation deceleration 
coefficient 


Setting of the peak hold function for load meter 
output 


Load meter compensation 1 
Load meter compensation 2 
Load meter compensation 3 


























oo ono Kon os koi ronko) 
DION/ONJO/ON/O/O}/ S/o 





ies] 














Load meter compensation 1 





Load meter compensation 2 
Load meter compensation 3 


Spindle EGB : Maximum acceleration/deceleration 
value in automatic phase matching (167) 


Spindle EGB : time constant for free-running phase 
matching (167) 


Spindle EGB : master side detector pulse count 
Spindle EGB : synchronous ratio numerator 
Spindle EGB : synchronous ratio denominator 


Resonance elimination filter 1 : attenuation center 
frequency 


Resonance elimination filter 1 : attenuation 
bandwidth 


Resonance elimination filter 1 : damping 


Setting of the detection lower limit of the 
one-rotation signal 


Setting of the fine acceleration/deceleration (FAD) 
function (167) 


Acceleration/deceleration type of fine 
acceleration/deceleration (FAD) (167) 


Whether to detect the alarm related to spindle 
sensor polarity erroneous setting 


Setting of parameter transfer from the CNC to 
spindle software 


Triggering of the disturbance input function 
(vibration application function) 


Setting of the disturbance input function (vibration 
application function) 


Whether to use the twin drive function 


Whether to detect a speed polarity error (spindle 
alarm dO) in torque tandem operation 








DWIQA;SQA;A;AQSAQTSO 





ies] 
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Internal Standard Application Classifi 
data No. i i j it | initial setting Contents nee 
F-xxx data SH| SL 
Acceleration/deceleration time constant at return to 
the reference position in Cs contouring control 
Fine acceleration/deceleration time constant (167) 
386 3409| 44094409 0 Feed forward timing adjustment coefficient O|/O B 1-5.6.4 
387 3410}4410]4410 0 Disturbance input function : measurement start O0/|0/0/0 B 1-4.2.3 
frequency 
388 3411}4411)4411 0 Disturbance input function : measurement end O0/|0/0/0 B 1-4.2.3 
frequency 
389 3412}4412|4412 0 Disturbance input function : measurement frequency | O | O | O| O B 1-4.2.3 
interval 
390 3413}4413]4413 0 Disturbance input function : number of O0/|0/0/0 B 1-4.2.3 
measurements per frequency 
391 3414/}4414|4414 0 Disturbance input function : disturbance torque O0/|0/0/0 B 1-4.2.3 
command amplitude 
392 3415}4415)]4415 0 Disturbance input function : motor speed command |O}0O}|0O]O B 1-4.2.3 
for measurement 
393 3416]4416|4416 0 Resonance elimination filter 2 : attenuation center 0|O0 B 1-4.2.2 
frequency 
394 3417|4417|4417 0 Resonance elimination filter 2 : attenuation 0|O0 B 1-4.2.2 
bandwidth 
395 3418}4418]4418 0 Resonance elimination filter 2 : damping 0/0 B 1-4.2.2 
396 3419]4419|4419 0 Resonance elimination filter 3 : attenuation center 0|O0 B 1-4.2.2 
frequency 
397 3420) 4420|4420 0 Resonance elimination filter 3 : attenuation 0|O0 B 1-4.2.2 
bandwidth 
398 3421 |4421)4421 0 Resonance elimination filter 3 : damping 0/0 B 1-4.2.2 
399 3422|4422|4422 0 Resonance elimination filter 4 : attenuation center 0|O B 1-4.2.2 
frequency 
400 3423) 4423 |4423 0 Resonance elimination filter 4 : attenuation 0|O0 B 1-4.2.2 
bandwidth 
401 3424 |4424|4424 0 Resonance elimination filter 4 : damping 0/0 B 1-4.2.2 
420 3443 |4443]4443 0 Feed-forward coefficient of velocity loop oO B App. B 
444H =| 3467) 4467 | 4467 | #2 0 Setting of the detection lower limit of the O0|O A App. B 
one-rotation signal 
#3 0 Setting of the fine acceleration/deceleration (FAD) O0|O B App. B 
function (167) 
#4 0 Acceleration/deceleration type of fine O0|O B App. B 
acceleration/deceleration (FAD) (167) 
#5 0 Whether to detect the alarm related to spindle O0|O A App. B 
sensor polarity erroneous setting 
444L |3468/4468|4468) #6 0 Triggering of the disturbance input function O0|O B App. B 
(vibration application function) 
#7 0 Setting of the disturbance input function (vibration O0|O B App. B 
application function) 
453 3481|4481/4481 0 Feed-forward timing adjustment coefficient O|/O B App. B 
458 3486 | 4486 | 4486 0 Feed-forward coefficient of velocity loop oO B App. B 
470 3498 |4498]4498 0 Spindle EGB master side : denominator of arbitrary | O | O B 1-5.8.8 
gear ratio between motor sensor and spindle 
471 3499 |4499|4499 0 Spindle EGB master side : numerator of arbitrary O|/O B 1-5.8.8 
gear ratio between motor sensor and spindle 
472 3500|4500|4500 0 Denominator of arbitrary gear ratio between spindle | O | O A 1-1.3.2 
sensor and spindle (High) 
473 3501|4501|4501 0 Numerator of arbitrary gear ratio between spindle O|/O A 1-1.3.2 
sensor and spindle (High) 
474 3502 | 4502 |4502 0 Denominator of arbitrary gear ratio between spindle | O | O A 1-1.3.2 
sensor and spindle (Low) 
475 3503 | 4503|4503 0 Numerator of arbitrary gear ratio between spindle O|/O A 1-1.3.2 
sensor and spindle (Low) 
480 3508 | 4508 |4508 0 Rate of change in acceleration at soft start/stop O|0;O0]O B 1-2.1.6 
0 Excessive speed deviation alarm detection levelon | O|O 
aca 3515/4515/4515 spindle synchronous control as P2668 
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Internal Standard Application 
data No. i i j it | initial setting Contents 
F-xxx data SH| SL 


Classifi 
-cation 





Excessive positional deviation alarm detection level 
on spindle synchronous control 


Primary delay time constant in dual position 





feedback [in servo mode] 


Maximum amplitude in dual position feedback [in 
servo mode] 


Dual position feedback zero width [in servo mode] 


Excessive semi-closed loop/closed loop position 
error alarm detection level [in servo mode] 
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A.2 


APPENDIX 


aCi SERIES SPINDLE PARAMETER TABLE 


B-65280EN/06 





Internal 


Standard 


«Ci series spindle parameters are classified into the following types: 


A: Parameters related to the setup of detectors 

B: Parameters related to the setup of various functions 
(operating modes) 

C: Unique parameters for the drive of spindle motors 
(Set the parameter data according to the parameter list for each 
motor model.) 

D: Parameters related to the setting of alarm detection conditions 





























data No. initial setting Contents laos 

F-xxx data conten 
OH 3000|4000)4000/} #0 0 Rotation direction relationship between the spindle and motor A II-1.3.2 
#4 0 Return direction for the reference position on servo mode B IlI-2.3.7 
OL 3001 |4001/4001} #0 1 Whether to use MRDY (machine ready) signal B II-2.5.4 
#4 0 Spindle sensor (position coder) attachment direction A II-1.3.2 
1H 3002|4002)/4002| #0 0 Spindle sensor type A II-1.3.2 
#1 0 Spindle sensor type A II-1.3.2 
#2 0 Spindle sensor type A II-1.3.2 
#3 0 Spindle sensor type A II-1.3.2 
#4 0 SM pin output data selection B IlI-2.5.4 

0 Whether to use the rotation direction signal (SFR/SRV) function on B 





servo mode 





Whether to use the rotation direction signal (SFR/SRV) function on 
spindle synchronous control 


ies) 





Rotation direction during spindle orientation 





Rotation direction during spindle orientation 





Teeth number setting of spindle sensor 





Teeth number setting of spindle sensor 





Teeth number setting of spindle sensor 





Teeth number setting of spindle sensor 





Setting of the velocity feedback method 





Increment system of gear ratio 





Increment system of spindle speed 





O]/O}/O}O}/O;O;/O;O};O0/}O 


Automatic detection of one-rotation signal during spindle 
synchronous control 


DO) S| S| >| >| >| >| wW) ow 





Setting of analog override range 


Ww 





Whether to detect a feedback signal disconnection 


> 





Whether to detect the alarms (spindle alarms 41, 42, and 47) related 
to the position feedback signal (when non-Cs contouring control 
mode is set) 


> 





Motor power turn-off method when spindle alarm 24 (serial data 
transfer error) is issued 





Whether to output the load detection signals (LDT1) during 
acceleration/deceleration 





0 


Analog override type 





1 


Number of motor poles 





Depends on 
the model 


Setting of maximum output during acceleration/deceleration 





0 


Number of motor poles 





0 


Setting of PWM carrier frequency 





0 


Setting of PWM carrier frequency 





0 


Setting of PWM carrier frequency 




















Depends on 
the model 


Current dead-band data 
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Internal Standard Classifi 
data No. i j i it | initial setting Contents dh 
-cation 
F-xxx data 
#3 | Depends on | Current dead-band data Cc IlI-2.5.3 
the model 
#4 | Depends on | Current dead-band data Cc II-2.5.3 
the model 
#5 | Depends on | Current dead-band data Cc II-2.5.3 
the model 
#6 | Depends on | Current dead-band data Cc II-2.5.3 
the model 
7L 3015|4015)4015/ #0 0 Whether to use the spindle orientation function B Ill-2.2.8 
8H 3016/4016/4016/} #6 0 Whether to detect the alarm (spindle alarms 46) related to feedback A II-1.3.2 
of the position detection signal for threading 
#7 0 Function for newly detecting the one-rotation signal before entering A II-1.3.2 
position control mode 
8L 3017|4017|4017| #7 0 Setting of shortcut orientation from stop state in position coder B Il-2.2.9 
method spindle orientation 
9L 3019]4019/4019} #2 1 Whether to use torque clamp at zero speed B IlI-2.5.4 
#7 0 Automatic parameter setting function (16/) B IlI-2.1.6 
10 3020 |4020] 4020 6000 Maximum motor speed Cc IlI-2.1.6 
12 3022 |4022| 4022 150 Speed arrival detection level (SAR) B II-2.5.4 
13 3023 |4023|4023 30 Speed detection level (SDT) B II-2.5.4 
14 3024 | 4024) 4024 75 Zero speed detection level (SST) B IlI-2.5.4 
15 3025 |4025 |4025 50 Limited torque (TLMH) B II-2.5.4 
Load detection level 1 (LDT1) B 
Stop position of position coder method orientation B 
Acceleration for spindle synchronous control B 
Spindle synchronous speed arrival level B 
Shift during synchronous control of spindle phase B 
Compensation data for spindle phase synchronous control B 
Spindle orientation speed B 
Depends on | Velocity loop proportional gain on velocity control mode (High) B 





the model 


Depends on | Velocity loop proportional gain on velocity control mode (Low) 
the model 


Depends on | Velocity loop proportional gain on orientation (High) 
the model 


Depends on | Velocity loop proportional gain on orientation (Low) 
the model 

Depends on | Velocity loop proportional gain on servo mode/spindle synchronous 
the model | control (High) 

















Depends on | Velocity loop proportional gain on servo mode/spindle synchronous 
the model | control (Low) 





Depends on | Velocity loop integral gain on velocity control mode (High) 
the model 


Depends on | Velocity loop integral gain on velocity control mode (Low) 
the model 


Depends on | Velocity loop integral gain on orientation (High) 
the model 


Depends on | Velocity loop integral gain on orientation (Low) 
the model 

Depends on | Velocity loop integral gain on servo mode/spindle synchronous 
the model | control (High) 

















Depends on | Velocity loop integral gain on servo mode/spindle synchronous 
the model | control (Low) 
100 Gear ratio (High) 
100 Gear ratio (Medium High) 
100 Gear ratio (Medium Low) 
100 Gear ratio (Low) 
1000 Position gain on orientation (High) 
1000 Position gain on orientation (Medium High) 
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Internal 
data No. 
F-xxx 


Standard 
initial setting 
data 


Contents 


Position gain on orientation (Medium Low) 


B-65280EN/06 


Classifi 
-cation 





Position gain on orientation (Low) 





Acceleration limitation ratio at deceleration time 





Position gain on servo mode/spindle synchronous control (High) 





Position gain on servo mode/spindle synchronous control (Medium 
High) 





Position gain on servo mode/spindle synchronous control (Medium 
Low) 





Position gain on servo mode/spindle synchronous control (Low) 





Acceleration/deceleration constant (High) 





Acceleration/deceleration constant (Medium High) 





Acceleration/deceleration constant (Medium Low) 





Acceleration/deceleration constant (Low) 





Grid shift on servo mode 





Reference position return speed on servo mode 





Detection level for orientation completion signal 





Orientation stop position shift 





Gear switch timer 





Depends on 
the model 


Regenerative power limit for high-speed zone/regenerative power 
limit 
Delay time until motor power is cut off 


WW] WW] WO) WH) W) W/W) w/w) ow 





Setting of acceleration/deceleration time 





Motor voltage on velocity control mode 





Motor voltage on orientation 





Motor voltage on servo mode/spindle synchronous control mode 





Gear ratio parameter setting error alarm (spindle alarm 35) detection 
level 





Level for detecting excess velocity error when motor is restrained 





Level for detecting excess velocity error when motor rotates 





Overload detection level 





Rate of change in position gain during reference position return on 
servo mode 





0 


Speedometer pin output voltage adjustment value 





0 


Maximum speed for position coder signal detection 





0 


Delay time for motor excitation 





Depends on 
the model 


Base speed of motor output specifications 





Depends on 
the model 


Output limit for motor output specifications 





Depends on 
the model 


Excitation voltage saturation speed at no-load 





Depends on 
the model 


Compensation data for resistance 





Depends on 
the model 


Current loop proportional gain 





Depends on 
the model 


Current loop integral gain 





Depends on 
the model 


D-axis current loop gain 





Depends on 
the model 


Q-axis current loop gain 





Depends on 
the model 


Q-axis current deviation limitation coefficient 




















Depends on 
the model 





Filter time constant for processing saturation related to the voltage 
command 
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Internal Standard Classifi 
data No. i i i | bit | initial setting Contents ath 
-cation 
F-xxx data 
100 /3110)4110)4110 Depends on | Current conversion constant Cc II-2.5.3 
the model 
101. /3111)4111}4111 Depends on | Secondary current coefficient Cc II-2.5.3 
the model 
102 |3112)4112]4112 Depends on | Criterion level for saturation related to the voltage command/PWM Cc II-2.5.3 
the model | command clamp value 
103 /3113/4113]4113 Depends on | Slip constant Cc II-2.5.3 
the model 
105 /3115)4115)4115 Depends on | PWM command clamp value at deceleration Cc II-2.5.3 
the model 
106 /3116)4116]4116 Depends on | Motor leakage constant Cc II-2.5.3 
the model 
107 |3117|4117|4117 Depends on | Regular-time voltage compensation coefficient for high-speed Cc II-2.5.3 
the model | zone/regular-time motor voltage coefficient 
108 /3118)4118]4118 Depends on | Acceleration-time voltage compensation coefficient for high-speed Cc II-2.5.3 
the model | zone/acceleration-time motor voltage coefficient 
109 /3119)4119]4119 Depends on | Deceleration-time excitation current change time constant/excitation Cc II-2.5.3 
the model | current change time constant 
110 |3120)4120|4120 Depends on | Dead-band compensation data Cc II-2.5.3 
the model 
111. /3121}4121|4121 5 Time constant for changing the torque (TCMD filter time constant) B IlI-2.5.4 
113 |3123/4123|4123 30 Short-time overload detection time D II-2.5.4 
117 = |3127|4127|4127 Depends on | Value displayed on load meter at maximum output Cc II-2.5.3 
the model 
118 |3128)/4128]4128 Depends on | Compensation coefficient between the specification and true Cc II-2.5.3 
the model | base/maximum torque curve compensation coefficient 
120 |3130/4130|4130 Depends on | Current loop proportional gain speed coefficient/current phase delay Cc II-2.5.3 
the model | compensation coefficient 
121 = |3131]4131|4131 Depends on | Dead-band compensation hysteresis B II-2.5.3 
the model 
123 |3133]4133]4133 Depends on | Motor model code Cc I-2.5.3 
the model 
124 |3134/4134|4134 Depends on | Motor overheat detect level (2-word) Cs Il-2.5.3 
125 the model 
152 |3160|4160|4160 0 Hysteresis of speed detection level B 1-5.1.7 
304 |3320/4320|4320 0 Acceleration at orientation deceleration time (High) B Il-2.2.9 
305 §=|3321/4321/4321 0 Acceleration at orientation deceleration time (Medium High) B II-2.2.9 
306 =| 3322/4322 |4322 0 Acceleration at orientation deceleration time (Medium Low) B IHl-2.2.9 
307 =| 3323]4323|4323 0 Acceleration at orientation deceleration time (Low) B IHl-2.2.9 
312 |3328/4328|4328 0 Command multiplication for spindle orientation by position coder B 1-5.3.6 
320 |3336/4336 | 4336 0 Switching point used for an acceleration/deceleration time constant B IlI-2.4.8 
used for spindle synchronous control 
324 |3340/4340/4340 0 Bell-shaped acceleration/deceleration time constant during spindle B IlI-2.4.8 
synchronous control 
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A.3 BiS SERIES SPINDLE PARAMETER TABLE 





Spindle parameters are classified into the following types: 

A: Parameters related to the setup of detectors 

B: Parameters related to the setup of various functions 
(operating modes) 

C: Unique parameters for the drive of spindle motors 
(Set the parameter data according to the parameter list for each 
motor model.) 

D: Parameters related to the setting of alarm detection conditions 


Internal Standard 
data No. i i i | bit | initial setting Contents Classification 
F-xxx data 


Reference 
item 


Rotation direction relationship between the spindle and 
motor 


Spindle rotation direction when a positive (+) move 
command is specified on Cs contouring control 


Return direction for the reference position on Cs 
contouring control mode 


Return direction for the reference position on servo mode 
Whether to use MRDY (machine ready) signal 

Mounting direction of the spindle sensor 

Spindle sensor type 

Spindle sensor type 

Spindle sensor type 

Spindle sensor type 


Whether to use the rotation direction signal (SFR/SRV) 
function on Cs contouring control 


Whether to use the rotation direction signal (SFR/SRV) 
function on servo mode 


Whether to use the rotation direction signal (SFR/SRV) 
function on spindle synchronous control 


Whether to use the CMR (servo mode Cs contouring) 
function in servo mode 


Spindle orientation method 

Rotation direction during spindle orientation 
Rotation direction during spindle orientation 
Teeth number setting of spindle sensor 

Teeth number setting of spindle sensor 

Teeth number setting of spindle sensor 

Teeth number setting of spindle sensor 
Command resolution for Cs contouring control 
Increment system of gear ratio 


Automatic detection of one-rotation signal during spindle 
synchronous control 


Sets the d-phase current command. 
Setting of analog override range 


Whether to use the command arbitrary gear ratio (CMR) 
function on rigid tapping 


Whether to detect a feedback signal disconnection 


> 





ios] 
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ies] 
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> 





Whether to detect the alarms (spindle alarms 41, 42, 47, 
81, 82, 83, 85, 86, and 87) related to the position feedback 
signal (when non-Cs contouring control mode is set) 


Magnetic pole detection start signal selection 
Reserved 


> 











Reserved 
Reserved 
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Internal Standard 
































































































































data No. i | 16i | 30% |bit| initial setting Contents Classification | Reference 
F-xxx data 
#3 0 Sets the current command. Cc IV-2.6.3 
#4 | Depends on | Setting of output limitation method C V-2.63 
the model 
#5 0 Whether to use the SSM B IV-1.4.4 
#6 0 Reference magnetic pole position selection B IV-1.5.3 
(Whether to use the AMR offset function) IV-1.5.5 
4L 30094009) 4009] #0 0 Increment system of velocity loop gain B IV-2.6.4 
#2 0 Motor power turn-off method when spindle alarm 24 (serial 
ae D IV-2.6.4 
data transfer error) is issued 
#4 0 Whether to output the load detection signals (_.DT1, LDT2) 
: . : B IV-2.1.6 
during acceleration/deceleration 
#5 | Depends on | Setting related to magnetic flux reduction speed C V-2.63 
the model 
| #6 0 Analog override type B 1V-2.1.6 | 
5H 3010}4010)4010/ #0 | Depends on | Motor sensor type A V-1.3.2 
the model 
#1 | Depends on | Motor sensor type A V-1.3.2 
the model 
#2 | Depends on | Motor sensor type A V-1.3.2 
the model 
5L 3011]4011/4011|#0 | Depends on | Teeth number setting of motor sensor 
A IV-1.3.2 
the model 
#1 | Depends on | Teeth number setting of motor sensor A V-1.3.2 
the model 
#2 | Depends on | Teeth number setting of motor sensor A V-1.3.2 
the model 
#3 | Depends on | Number of motor poles Cc V-2.63 
the model 
#4 | Depends on | Setting of maximum output during 
: : Cc IV-2.6.3 
the model | acceleration/deceleration 
#7 | Depends on | Number of motor poles C V-2.63 
the model 
6H 3012|4012|4012| #0 | Depends on | Setting of PWM carrier frequency 
Cc IV-2.6.3 
the model 
#1 | Depends on | Setting of PWM carrier frequency C V-2.63 
the model 
#2 | Depends on | Setting of PWM carrier frequency c V-2.63 
the model 
#6 1 Setting of the synchronous built-in spindle motor Cc IV-2.6.3 
#7 1 Setting of spindle HRV function Cc IV-2.6.3 
6L 3013]4013/4013] #2 | Depends on | Current dead-band data Cc V-2.63 
the model 
#3 | Depends on | Current dead-band data C V-2.63 
the model 
#4 | Depends on | Current dead-band data C V-2.63 
the model 
#5 | Depends on | Current dead-band data Cc V-2.63 
the model 
#6 | Depends on | Current dead-band data Cc V-2.63 
the model 
7H 3014|4014|4014/ #7 0 Setting of dual position feedback B IV-5.5.6 
7L 3015] 4015/4015] #0 0 Whether to use the spindle orientation function B IV-2.2.9 
#1 0 Whether to use the unexpected disturbance torque 
: : B IV-5.7.5 
detection function 
8H 3016]4016|4016/ #3 0 Setting of the smoothing function in feed-forward control B IV-2.4.7 
IV-5.8.7 
#4 0 Setting related to control characteristics on Cs contouring B IV-2.3.7 
control/servo mode IV-2.4.7 
#5 0 Whether to detect the alarms (spindle alarms 81, 82, 85, 
86) related to position feedback (on Cs contouring control A IV-1.3.2 
mode) 
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Internal Standard 
data No. i i i | bit | initial setting Contents Classification 
F-xxx data 


Reference 
item 


Whether to detect the alarm (spindle alarms 46) related to 
feedback of the position detection signal for threading 


Function for newly detecting the one-rotation signal before 
entering position control mode 


Setting of shortcut orientation from stop state in position 
coder method spindle orientation 


Whether to use the velocity command compensation 
function during high-speed orientation 


High-speed orientation function 
1 Whether to use torque clamp at zero speed 
0 Automatic parameter setting function (16/) 




















WwW |W\|wW] Ww 





Depends on | Maximum motor speed 
the model 





100 Maximum speed on Cs contouring control mode 
150 Speed arrival detection level (SAR) 

30 Speed detection level (SDT) 

Zero speed detection level (SST) 

Limited torque (TLMH, TLML) 

Load detection level 1 (LDT1) 

Load detection level 2 (LDT2) 

Soft start/stop time (SOCN) 

Stop position of position coder method orientation 
Acceleration on spindle synchronous control 
Spindle synchronous speed arrival level 

Shift during synchronous control of spindle phase 
Compensation data for spindle phase synchronous control 
Feed-forward coefficient 









































DW |W) W/W) W/W) W/W) W/W Wi WW) WwW! O 





Feed-forward coefficient of velocity loop 





Spindle orientation speed 





Reserved 

Velocity loop proportional gain on velocity control mode 
(High) 

Velocity loop proportional gain on velocity control mode 
(Low) 

Velocity loop proportional gain on orientation (High) 
Velocity loop proportional gain on orientation (Low) 


Velocity loop proportional gain on servo mode/spindle 
synchronous control (High) 


Velocity loop proportional gain on servo mode/spindle 
synchronous control (Low) 


Velocity loop proportional gain on Cs contouring control 
(High) 

Velocity loop proportional gain on Cs contouring control 
(Low) 

Velocity loop integral gain on velocity control mode (High) 
Velocity loop integral gain on velocity control mode (Low) 
Velocity loop integral gain on orientation (High) 

Velocity loop integral gain on orientation (Low) 


Velocity loop integral gain on servo mode/spindle 
synchronous control (High) 


Velocity loop integral gain on servo mode/spindle 
synchronous control (Low) 


Velocity loop integral gain on Cs contouring control (High) 










































































Velocity loop integral gain on Cs contouring control (Low) 





- 674 - 


B-65280EN/06 APPENDIX A.SPINDLE PARAMETER TABLE 


Internal Standard 
data No. i i i | bit | initial setting Contents Classification 
F-xxx data 


Reference 
item 

Gear ratio (High) 

Gear ratio (Medium High) 

Gear ratio (Medium Low) 

Gear ratio (Low) 

Position gain on orientation (High) 

Position gain on orientation (Medium High) 

Position gain on orientation (Medium Low) 

Position gain on orientation (Low) 


Ordinary orientation: Rate of change in position gain upon 
completion of orientation 


High-speed orientation: Rate of change in position gain 
upon completion of orientation 

Position gain on servo mode/spindle synchronous control 
(High) 

Position gain on servo mode/spindle synchronous control 
(Medium High) 

Position gain on servo mode/spindle synchronous control 
(Medium Low) 


Position gain on servo mode/spindle synchronous control 
(Low) 


Position gain on Cs contouring control (High) 
Position gain on Cs contouring control (Medium High) 
Position gain on Cs contouring control (Medium Low) 
Position gain on Cs contouring control (Low) 

Grid shift on servo mode 


Reference position return speed on Cs contouring 
control/servo mode 


Detection level for orientation completion signal (ORAR) 
Ordinary orientation: Motor speed limit value on orientation 
High-speed orientation: Reserved 

Orientation stop position shift 


Depends on | Regenerative power limit for high-speed zone/regenerative 
the model | power limit 


20 Delay time until motor power is cut off 
10 Setting of acceleration/deceleration time 


0 Current ratio/motor stop confirmation time in magnetic pole 
detection operation 


AMR offset 
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AMR offset fine adjustment 





Depends on | Inductance ratio 
the model 





115 Overspeed level 


75 Level for detecting excess velocity error when motor is 
restrained 


Level for detecting excess velocity error when motor 
rotates 


Overload detection level 


Rate of change in position gain during reference position 
return on servo mode 


Rate of change in position gain during reference position 
return on Cs contouring control 


Disturbance torque compensation constant (acceleration 
feedback gain) 


Adjusted output voltage of speedometer 
Adjusted output voltage of load meter 
Maximum speed for position feedback signal detection 
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Internal Standard 






































































































































data No. i | 16i | 30% |bit| initial setting Contents Classification | Reference 
F-xxx data 
89 3099}4099]|4099 0 Delay time for motor excitation B IV-2.3.7 
IV-2.4.7 
90 3100|4100}4100 Depends on | Base speed of motor output specifications 
Cc IV-2.6.3 
the model 
91 3101/4101/4101 Depends on | Output limit for motor output specifications 
Cc IV-2.6.3 
the model 
92 3102|4102}4102 Depends on | Base speed c V-2.63 
the model 
93 3103|4103]4103 Depends on | Magnetic flux reduction speed at maximum load 
Cc IV-2.6.3 
the model 
94 3104| 4104/4104 Depends on | Current loop proportional gain C V-2.63 
the model 
95 3105]4105|4105 0 Reserved Cc 
96 3106|4106}4106 Depends on | Current loop integral gain C V-2.63 
the model 
97 3107 |4107|4107 0 Reserved Cc 
98 3108] 4108/4108 Depends on | Velocity at which the current loop integral gain is zero 
Cc IV-2.6.3 
the model 
99 3109]4109|4109 0 Reserved Cc IV-2.6.3 
100 3110|4110}4110 Depends on | Current conversion constant C V-2.6.3 
the model 
101 3111/4111/4111 Depends on | Maximum current constant c V-2.63 
the model 
102 3112|4112]4112 Depends on | PWM command clamp value C V-2.63 
the model 
103 3113]4113]4113 Depends on | Current constant for magnetic flux reduction 
IV-2.6.3 
the model 
104 3114]4114}4114 0 Reserved 
105 3115|4115]4115 Depends on | PWM command clamp value at deceleration 
IV-2.6.3 
the model 
106 3116|4116|4116 Depends on | Counter electromotive voltage compensation constant for 
: : : Cc IV-2.6.3 
the model | magnetic flux reduction speed at maximum load 
107 3117|4117|4117 Depends on | Interference voltage compensation constant for magnetic 
: : IV-2.6.3 
the model | flux reduction speed at maximum load 
108 3118]4118]4118 0 Reserved 
109 3119]4119}4119 Depends on | Interference voltage compensation 
IV-2.6.3 
the model 
110 3120| 4120/4120 Depends on | Dead-band rectangular wave component zero 
Cc IV-2.6.3 
the model | voltage/dead-band data 
111 3121]4121)/4121 5 Time constant for changing the torque (TCMD filter time 
B IV-4.2.1 
constant) 
112 3122|}4122|4122 0 Time constant for velocity detecting filter B IV-2.6.4 
113 3123] 4123}4123 30 Short-time overload detection time D IV-2.6.4 
114 31244124 |4124 0 Reserved Cc 
117 3127|4127|4127 Depends on | Value displayed on load meter at maximum output 
Cc IV-2.6.3 
the model 
118 3128]4128|4128 0 Reserved Cc 
119 3129]4129|4129 0 Reserved Cc 
120 3130|4130]4130 Depends on | Current phase delay compensation coefficient 
Cc IV-2.6.3 
the model 
121 3131 4131/4131 0 Time constant for velocity detecting filter (on Cs contouring 
B IV-2.4.7 
control) 
123 3133|4133]4133 Depends on | Motor model code C IV-1.1.2 
the model IV-2.6.3 
124 3134| 4134/4134 Depends on | Motor overheat detect level (2-word) Cc V-2.63 
125 the model Wao: 
126 3135] 4135]4135 0 Grid shift during Cs contouring control mode | (2-word) B 1V-2.47 
127 i 
152 3160|}4160]4160 0 Hysteresis of speed detection level B IV-5.1.7 
154 3162|}4162]4162 0 Integral gain of velocity loop during cutting feed on Cs 
: : B IV-2.4.7 
contouring control mode (High) 
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Internal 
data No. 
F-xxx 


Standard 
initial setting 
data 


APPENDIX 


Contents 


Integral gain of velocity loop during cutting feed on Cs 
contouring control mode (Low) 


Classification 


A.SPINDLE PARAMETER TABLE 


Reference 
item 





Depends on 
the model 


Temperature monitoring time constant 





Current overload alarm detection level 























































































































163 3171|4171/4171 0 Denominator of arbitrary gear ratio between motor sensor 
: y A IV-1.3.2 
and spindle (High) 
164 3172|4172|4172 0 Numerator of arbitrary gear ratio between motor sensor 
: : A IV-1.3.2 
and spindle (High) 
165 3173|4173]4173 0 Denominator of arbitrary gear ratio between motor sensor 
: A IV-1.3.2 
and spindle (Low) 
166 3174|4174|4174 0 Numerator of arbitrary gear ratio between motor sensor 
: A IV-1.3.2 
and spindle (Low) 
230 3248 | 4248] 4248 0 Spindle load monitor torque constant B IV-5.7.5 
231 3249 |4249] 4249 0 Spindle load monitor observer gain 1 B IV-5.7.5 
232 3250 |4250| 4250 0 Spindle load monitor observer gain 2 B IV-5.7.5 
304 3320 | 4320] 4320 0 Motor acceleration at deceleration time (High) B IV-5.4.6 
305 3321 |4321)4321 0 Motor acceleration at deceleration time (Medium High) B IV-5.4.6 
306 3322 |4322| 4322 0 Motor acceleration at deceleration time (Medium Low) B IV-5.4.6 
307 3323 | 4323] 4323 0 Motor acceleration at deceleration time (Low) B IV-5.4.6 
310 3326 | 4326] 4326 0 Acceleration limitation start speed at deceleration time 
(High) B IV-5.4.6 
312 3328 | 4328] 4328 0 Command multiplication for spindle orientation by position B V-5.3.6 
coder is 
314 33304330] 4330 0 Acceleration limitation start speed at deceleration time 
(Low) IV-5.4.6 
318 3334 |4334 | 4334 0 Number of motor sensor arbitrary teeth A IV-1.3.2 
320 3336 | 4336 | 4336 0 Switching point used for an acceleration/deceleration time 
: B IV-2.5.8 
constant used for spindle synchronous control 
324 3340 |4340] 4340 0 Bell-shaped acceleration/deceleration time constant during B V-2.58 
spindle synchronous control nas 
325 3341 |4341|4341 0 Unexpected disturbance torque detection level B IV-5.7.5 
328 3344 | 4344] 4344 0 Advanced preview feed-forward coefficient B IV-5.6.4 
329 3344 | 4345] 4345 0 Spindle motor speed specification detection level B IV-2.6.4 
330 3346 | 4346] 4346 0 Incomplete integration factor B IV-2.5.8 
IV-2.6.4 
335 3351 |4351|4351 0 Current detection offset compensation B IV-2.6.4 
336H =|3352/4352|4352| #1 0 Setting of the peak hold function for load meter output B IV-2.1.6 
#4 0 Setting of whether to enable/disable feed forward at all B V-588 
times 
#6 0 Inter-spindle amplifier communication slave axis setting B IV-5.8.8 
#7 0 Inter-spindle amplifier communication master axis setting B IV-5.8.8 
338 3355] 4355 |4355 0 Motor sensor signal amplitude ratio compensation A IV-1.3.2 
IV-4.3 
339 3356] 4356 |4356 0 Motor sensor signal phase difference compensation A IV-1.3.2 
IV-4.3 
345 3362] 4362 |4362 0 Load meter compensation 1 Cc IV-2.6.3 
346 3363] 4363 |4363 0 Load meter compensation 2 Cc IV-2.6.3 
347 3364 | 4364 | 4364 0 Load meter compensation 3 Cc IV-2.6.3 
352 3369] 4369 |4369 0 Spindle synchronous orientation deceleration coefficient B IV-5.5.6 
366 3384 | 4384 | 4384 0 Spindle EGB : Maximum acceleration/deceleration value in 
: 5 ; B IV-5.8.8 
automatic phase matching (167) 
367 3385 | 4385] 4385 0 Spindle EGB : time constant for free-running phase 
: 5 B IV-5.8.8 
matching (167) 
368 3386 | 4386 | 4386 0 Spindle EGB : master side detector pulse count B IV-5.8.8 
369 3387 | 4387 | 4387 0 Spindle EGB : synchronous ratio numerator B IV-5.8.8 
370 3388 | 4388 | 4388 0 Spindle EGB : synchronous ratio denominator B IV-5.8.8 
373 33914391 |4391 0 Resonance elimination filter 1 : attenuation center 
B IV-4.2.2 
frequency 
374 3392] 4392 |4392 0 Resonance elimination filter 1 : attenuation bandwidth B IV-4.2.2 
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Internal Standard 
data No. i i i | bit | initial setting 
F-xxx data 


Reference 


Classification 3 
item 


Contents 


Resonance elimination filter 1: damping 

Setting of the detection lower limit of the one-rotation 
signal 

Setting of the fine acceleration/deceleration (FAD) function 
(167) 

Acceleration/deceleration type of fine 
acceleration/deceleration (FAD) (167) 

Whether to detect the alarm related to spindle sensor 
polarity erroneous setting 

Setting of parameter transfer from the CNC to spindle 
software 

Triggering of the disturbance input function (vibration 
application function) 

Setting of the disturbance input function (vibration 
application function) 























Selects a magnetic pole detection mode. 


Selects a magnetic pole detection mode. 
Acceleration/deceleration time constant at return to the 
reference position in Cs contouring control 


Fine acceleration/deceleration time constant (167) 
Feed forward timing adjustment coefficient 

















Disturbance input function : 


measurement start frequency 





Disturbance input function : 


measurement end frequency 





Disturbance input function : 
interval 


measurement frequency 


OD |W/D W/W) W}O}O] Ww 





Disturbance input function : 
frequency 


number of measurements per 





Disturbance input function : 


disturbance torque command 


amplitude 





Disturbance input function : motor speed command for 
measurement 





Resonance elimination filter 2 : attenuation center 
frequency 





Resonance elimination filter 2 : attenuation bandwidth 





Resonance elimination filter 2 : damping 





Resonance elimination filter 3 : attenuation center 
frequency 





Resonance elimination filter 3 : attenuation bandwidth 





Resonance elimination filter 3 : damping 





Resonance elimination filter 4 : attenuation center 
frequency 





Resonance elimination filter 4 : attenuation bandwidth 





Resonance elimination filter 4 : damping 





Direction detection current/polarity determination current 





Travel distance allowance magnification/velocity feedback 
threshold 


QO }O;/WD)D) OW |W\W] WOW |W\W! wW 





Reserved 





Spindle EGB master side : denominator of arbitrary gear 
ratio between motor sensor and spindle 





Spindle EGB master side : numerator of arbitrary gear 
ratio between motor sensor and spindle 





Rate of change in acceleration at soft start/stop 





Excessive speed deviation alarm detection level on 
spindle synchronous control 





Excessive positional deviation alarm detection level on 
spindle synchronous control 























Arbitrary data output function number 
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LIST OF SPINDLE PARAMETER 
NUMBERS 





The following shows corresponding of the parameter numbers of 
parameters for speed range switch high-speed/low-speed 
characteristics on the main side/sub-side of spindle switching. 


MH, ML, SH, and SL in the table represent the following: 

MH: Parameter for speed range switch high-speed characteristics on 
the main side of spindle switching (for standard motors) 

ML: Parameter for speed range switch low-speed characteristics on 
the main side of spindle switching 

SH: Parameter for speed range switch high-speed characteristics on 
the sub-side of spindle switching 

SL: Parameter for speed range switch low-speed characteristics on 
the sub-side of spindle switching 





Contents 


Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Bit parameter 

Maximum motor speed 
Maximum speed on Cs contouring control mode 
Speed arrival detection level 
Speed detection level 
Zero speed detection level 
Limited torque 

Load detection level 1 
Load detection level 2 
Limited output pattern 
Output limit 
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Contents 

3030} <— co < {4030} < < < |4030} < <— < | Soft start/stop time 

3031) < |3204} < |4031) < |4204) < |4031} < |4204] < | Stop position of position coder method orientation 

3032} < |None}None | 4032} < |None/None| 4032] < |None|None| Acceleration on spindle synchronous control 

3033 | < |None}None] 4033} < |None}None| 4033] < _ |None|None| Spindle synchronous speed arrival level 

3034 | < |None}None | 4034} < |None/None| 4034) < _ |None| None} Shift during synchronous control of spindle phase 

3035} < |None}None}| 4035} < |None|]None| 4035) < _ |None| None | Compensation data for spindle phase synchronous 
control 

3036} < |3240} <« |4036) < | 4240] < |4036) < |4240| < | Feed-forward coefficient 

3037 | 3443 | 3241 | 3486 | 4037 | 4443 | 4241 | 4486 | 4037 | 4443 | 4241 | 4486 | Feed-forward coefficient of velocity loop 

3038} < |3205} < |4038;} < |4205} < | 4038) < |4205) < | Spindle orientation speed 

3039 | 3156 | 3254 | 3255 | 4039 | 4156 | 4254 | 4255 | 4039 | 4156 | 4254 | 4255 | Slip compensation gain 

3040} < |3206} < |4040} < |4206/} < | 4040] < | 4206) < | Velocity loop proportional gain on velocity control 
mode (High) 

3041} < |3207} < |4041} < |4207} < | 4041] < | 4207) < | Velocity loop proportional gain on velocity control 
mode (Low) 

3042} < |3208} < |4042;} < |4208} < | 4042] < | 4208) < | Velocity loop proportional gain on orientation (High) 

3043} < |3209} < |4043} < |4209} < | 4043) < |4209] < | Velocity loop proportional gain on orientation (Low) 

3044}; < |3210} < |4044;) < |4210} < |4044) < |4210] < | Velocity loop proportional gain on servo mode (High) 

3045} < |3211} < |4045/ < |4211} < |4045) < |4211] < | Velocity loop proportional gain on servo mode (Low) 

3046} < |None}None | 4046} < |None|/None| 4046] < |None|None| Velocity loop proportional gain on Cs contouring 
control (High) 

3047 | < |None}None | 4047} < |None|/None| 4047] < |None|None| Velocity loop proportional gain on Cs contouring 
control (Low) 

3048) < /3212} < |4048) < |4212) < |4048} < |4212| < | Velocity loop integral gain on velocity control mode 
(High) 

3049) < t F |4049) < a F |4049) < t t | Velocity loop integral gain on velocity control mode 
(Low) 

3050} < |3213} < |4050} < |4213} < |4050) < |4213) < _ | Velocity loop integral gain on orientation (High) 

3051) < t t |4051) < t ? |4051) < il t | Velocity loop integral gain on orientation (Low) 

3052} < |3214} < |4052;} < |4214} < |4052) < |4214] < | Velocity loop integral gain on servo mode/spindle 
synchronous control (High) 

3053) < t F |4053} < t * | 4053) < A + | Velocity loop integral gain on servo mode/spindle 
synchronous control (Low) 

3054} < |None}None| 4054} < |None|None| 4054) < _ |None|None| Velocity loop integral gain on Cs contouring control 
(High) 

3055 | < |None}None| 4055} < |None|]None| 4055) < _ |None|None| Velocity loop integral gain on Cs contouring control 
(Low) 

3056} < |3216] < |4056) < | 4216) < |4056) < |4216] < | Gear ratio (High) 

3057) < ft t |4057) < t t |4057) < t + | Gear ratio (Medium High) 

3058) < L L |4058} < L Y |4058) < L \ | Gear ratio (Medium Low) 

3059} < |3217|} <« |4059) < | 4217) < |4059]) < |4217| < | Gear ratio (Low) 

3060} < |3218} < |4060;} < |4218] < |4060) < | 4218] < | Position gain on orientation (High) 

3061) < t t |4061) < t t | 4061) < t t | Position gain on orientation (Medium High) 

3062) < L Y |4062} < L Y |4062} < L \ | Position gain on orientation (Medium Low) 

3063} < |3219} < |4063} < |4219} < | 4063) < |4219) < | Position gain on orientation (Low) 

3064} < |3220} < |4064; < |4220} < | 4064) < | 4220) < | Ordinary orientation: Rate of change in position gain 
upon completion of orientation 
High-speed orientation: Rate of change in position 
gain upon completion of orientation 

3065} < |3221} < |4065} < |4221; < |4065| < | 4221) < | Position gain on servo mode/spindle synchronous 
control (High) 

3066] < t t |4066) < t t | 4066) < t t | Position gain on servo mode/spindle synchronous 
control (Medium High) 

3067) < L Y |4067} < L L |4067} < L \ | Position gain on servo mode/spindle synchronous 
control (Medium Low) 

3068} < |3222) < |4068} < |4222/} < | 4068] < | 4222) < | Position gain on servo mode/spindle synchronous 
control (Low) 

3069} < |None}None| 4069} < |None}/None| 4069) < _ |None| None} Position gain on Cs contouring control (High) 
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Contents 


Position gain on Cs contouring control (Medium 
High) 





Position gain on Cs contouring control (Medium Low) 





Position gain on Cs contouring control (Low) 





Grid shift on servo mode 





Reference position return speed on Cs contouring 
control/servo mode 





Detection level for orientation completion signal 





Ordinary orientation: Motor speed limit value on 
orientation 


High-speed orientation: Reserved 





Orientation stop position shift 





MS signal constant 





MS signal gain adjustment 





Regenerative power limit for high-speed 
zone/regenerative power limit 





Delay time until motor power is cut off 





Setting of acceleration/deceleration time 





Motor voltage on velocity control mode 





Motor voltage on orientation 





Motor voltage on servo mode/spindle synchronous 
control mode 





Motor voltage on Cs contouring control 





Overspeed level 





Level for detecting excess velocity deviation when 
motor is restrained 





Level for detecting excess velocity deviation when 
motor rotates 





Overload detection level 





Rate of change in position gain during reference 
position return on servo mode 





Rate of change in position gain during reference 
position return on Cs contouring control 





Disturbance torque compensation constant 
(acceleration feedback gain) 





Adjusted output voltage of speedometer 





Adjusted output voltage of load meter 





Feedback gain of spindle speed 





Maximum speed for position feedback signal 
detection 





Delay time for motor excitation 





Base speed of motor output specifications 





Output limit for motor output specifications 





Excitation voltage saturation speed at no-load 





Base speed limit ratio 





Current loop proportional gain 





Current loop integral gain 





Velocity at which the current loop integral gain is 
zero 





Filter time constant for processing saturation related 
to the voltage command 





Current conversion constant 





Secondary current coefficient 





Criterion level for saturation related to the voltage 
command/PWM command clamp value 





Slip constant 





Slip compensation coefficient for a high-speed 
zone/slip compensation coefficient at deceleration 
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PWM command clamp value at deceleration 
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3116 | 3152 | 3270 | 3300 | 4116 | 4152 | 4270 | 4300 | 4116 | 4152 | 4270 | 4300 | Motor leakage constant 

3117 | 3153 | 3271 | 3301 | 4117 | 4153 | 4271 | 4301 | 4117 | 4153 | 4271 | 4301 | Regular-time voltage compensation coefficient for 
high-speed zone/regular-time motor voltage 
coefficient 

3118 | 3154 | 3272 | 3302 | 4118 | 4154 | 4272 | 4302 | 4118 | 4154 | 4272 | 4302 | Acceleration-time voltage compensation coefficient 
for high-speed zone/acceleration-time motor voltage 
coefficient 

3119 | 3165 | 3280 | 3308 | 4119 | 4165 | 4280 | 4308 | 4119 | 4165 | 4280 | 4308 | Deceleration-time excitation current change time 
constant/excitation current change time constant 

3120) < < <— |4120) < + <— |4120) <— < < | Dead-band rectangular wave component zero 
voltage/dead-band data 

3121 | 3157 | 3273 | 3303 | 4121 | 4157 | 4273 | 4303 | 4121 | 4157 | 4273 | 4303 | Time constant for changing the torque (TCMD filter 
time constant) 

3122} < |3278} < |4122} < |4278} < |4122); < |4278) < _ | Time constant for velocity detecting filter 

3123) <— < < |4123) < < <— |4123) < < | Short-time overload detection time 

3127 | 3093 | 3274 | 3279 | 4127 | 4093 | 4274 | 4279 | 4127 | 4093 | 4274 | 4279 | Value displayed on load meter at maximum output 

3128 | 3158 | 3275 | 3304 | 4128 | 4158 | 4275 | 4304 | 4128 | 4158 | 4275 | 4304 | Compensation coefficient between the specification 
and true base/maximum torque curve compensation 
coefficient 

3129 | 3159 | 3276 | 3305 | 4129 | 4159 | 4276 | 4305 | 4129 | 4159 | 4276 | 4305 | Secondary current coefficient for rigid tapping 

3130 | 3161 | 3277 | 3306 | 4130 | 4161 | 4277 | 4306 | 4130 | 4161 | 4277 | 4306 | Current loop proportional gain speed 
coefficient/current phase delay compensation 
coefficient 

3131} < |None}None} 4131} < |None/None| 4131) < _ |None|None| Time constant for velocity detecting filter (on Cs 
contouring control) 

3133] < |3309]} < |4133) < | 4309] < |4133]} < |4309} < | Motor model code 

3134} < |3310} < |4134} < |4310} < | 4134] < |4310]) < | Motor overheat detect level (2-word) 

3135} < |None}None|4135} < |None/None| 4135] < |None|None| Grid shift during Cs contouring control mode | 
(2-word) 

3160) <— < < |4160) < < < |4160) < < < | Hysteresis of speed detection level 

3162) < |None}None] 4162} < |None|None| 4162} < |None}None|} Integral gain of velocity loop during cutting feed on 


Cs contouring control mode (High) 


Integral gain of velocity loop during cutting feed on 
Cs contouring control mode (Low) 





Temperature monitoring time constant 





Current overload alarm detection level 





Denominator of arbitrary gear ratio between motor 
sensor and spindle (High) 





Numerator of arbitrary gear ratio between motor 
sensor and spindle (High) 





Denominator of arbitrary gear ratio between motor 
sensor and spindle (Low) 





Numerator of arbitrary gear ratio between motor 
sensor and spindle (Low) 





Primary delay time constant in dual position 
feedback [in Cs contour control] 





Maximum amplitude in dual position feedback [in Cs 


contour control] 





Dual position feedback zero width [in Cs contour 
control] 





Spindle load monitor torque constant 





Spindle load monitor observer gain 1 





Spindle load monitor observer gain 2 





Motor acceleration at deceleration time (High) 





Motor acceleration at deceleration time (Medium 
High) 





Motor acceleration at deceleration time (Medium 
Low) 





Motor acceleration at deceleration time (Low) 



































- 682 - 








Acceleration limitation start speed at deceleration 
time (High) 
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3328) < |3329} < |4328} < |4329} < | 4328) < |4329) < |Command multiplication for spindle orientation by 
position coder 

3330} < |3331} < |4330} < |4331] < | 4330) < | 4331] < _ | Acceleration limitation start speed at deceleration 
time (Low) 

3334] < |3335} < |4334]} < |4335]} < | 4334) < |4335]) <_ | Number of motor sensor arbitrary teeth 

3336 | < |None}None | 4336} < |None|None| 4336) < _ |None|None| Switching point used for an acceleration/deceleration 
time constant used for spindle synchronous control 

3340} < |None}None | 4340} < |None|/None| 4340) < _ |None|None | Bell-shaped acceleration/deceleration time constant 
during spindle synchronous control 

3341) <— < < (43841) < co < |43841]) < < < | Unexpected disturbance torque detection level 

3344) <— < < |43844) < co < |43844) < < < | Advanced preview feed-forward coefficient 

3345) <— < < |4345) < + < |4345) < < < | Spindle motor speed command detection level 

3346) <— < < {4346} < co < |4346) < < < _ |Incomplete integration factor 

3347| <— None | None 4347| — None | None 4347| <— None | None ee speed difference state signal output 

3351) <— < < {43851} < < < |43851]) <— < < |Current detection offset compensation 

3352} < |3373] < |4352) < | 4373] < |4352] < |4373] < | Bit parameter 

3353} < |3374] < |4353) < | 4374] < |4353]) < |4374] < | Bit parameter 

3354 | < |None}None] 4354] < |None|None| 4354} < |None|}None| Excessive semi-closed loop/closed loop position 
error alarm detection level [in Cs contour control] 

3355 | < |None}None| 4355} < |None/None| 4355] < |None|None| Motor sensor signal amplitude ratio compensation 

3356 | < |None}None| 4356} < |None|None| 4356) < _ |None|None| Motor sensor signal phase difference compensation 

3357 | < |None}None] 4357} < |None|None| 4357] < _ |None| None] Spindle sensor signal amplitude ratio compensation 

3358 | < |None}None| 4358} < |None|}None| 4358] < _ |None|None| Spindle sensor signal phase difference 
compensation 

3360] < |None|}None| 4360} < |None|None| 4360} < |None}None|Preload value 

3361} < |None}None} 4361} < |None|None| 4361) < _ |None|None| Number of spindle sensor arbitrary teeth 

3362 | 3365 | 3376 | 3379 | 4362 | 4365 | 4376 | 4379 | 4362 | 4365 | 4376 | 4379 | Load meter compensation 1 

3363 | 3366 | 3377 | 3380 | 4363 | 4366 | 4377 | 4380 | 4363 | 4366 | 4377 | 4380 | Load meter compensation 2 

3364 | 3367 | 3378 | 3381 | 4364 | 4367 | 4378 | 4381 | 4364 | 4367 | 4378 | 4381 | Load meter compensation 3 

3369 | < |None}None| 4369} < |None|None| 4369] < _ |None|None}| Spindle synchronous orientation deceleration 
coefficient 

3384 | < |None}None | 4384} < |None/None| 4384) < |None|None| Spindle EGB : Maximum acceleration/deceleration 
value in automatic phase matching 

3385 | < |None}None | 4385} < |None}None| 4385) < _ |None|None| Spindle EGB : time constant for free-running phase 
matching 

3386 | < |None}None] 4386} < |None|None| 4386) < _ |None|None| Spindle EGB : master side detector pulse count 

3387 | < |None}None | 4387} < |None|None| 4387] <_ |None|None| Spindle EGB : synchronous ratio numerator 

3388 | < |None}None | 4388} < |None}None| 4388] < |None|None| Spindle EGB : synchronous ratio denominator 

3391) < |None|None | 4391} < |None|None| 4391} < |None}None| Resonance elimination filter 1 : attenuation center 
frequency 

3392) < |None|None | 4392} < |None|None| 4392} < |None|}None| Resonance elimination filter 1: attenuation 
bandwidth 

3393 | < |None}None} 4393} < |None|]None| 4393) < _ |None| None] Resonance elimination filter 1 : damping 

3394} < |3467|} <« |4394) < | 4467] < |4394| < |4467| < | Bit parameter 

3395} < |3468} < |4395) < | 4468) < |4395| < |4468] < | Bit parameter 

3396} < |3469]} < |4396) < | 4469] < |4396| < |4469| < | Bit parameter 

3397} < |3470} < |4397) < | 4470] < |4397| < |4470| < | Bit parameter 

3398} < |3471]} < |4398) < | 4471] < |4398] < |4471]| < | Bit parameter 

3399} < |3472|} <« |4399) < | 4472] < |4399] < |4472| < | Bit parameter 

3400} < |3473} < |4400) < | 4473) < |4400} < |4473] < | Bit parameter 

3401} < |3474]} < |4401) < | 4474) < |4401} < |4474| < | Bit parameter 

3402} < |3475| < |4402) < | 4475) < |4402| < |4475| < | Bit parameter 

3403} < |3476]} < |4403) < | 4476] < |4403} < |4476| < | Bit parameter 

3406 | < |None/None]| 4406} < |None|None| 4406} < |None}None|}Acceleration/deceleration time constant at return to 
the reference position in Cs contouring control 

3408) <— < <= |4408) < < < |4408) < < < | Fine acceleration/deceleration time constant 

3409} < |3481} < |4409} < |4481} < | 4409] < | 4481] < | Feed-forward timing adjustment coefficient 
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Disturbance input function : measurement start 
frequency 





Disturbance input function : measurement end 
frequency 





Disturbance input function : measurement frequency 
interval 





Disturbance input function : number of 
measurements per frequency 





Disturbance input function : disturbance torque 
command amplitude 





Disturbance input function : motor speed command 
for measurement 





Resonance elimination filter 2 : attenuation center 
frequency 





Resonance elimination filter 2 : attenuation 
bandwidth 





Resonance elimination filter 2 : damping 





Resonance elimination filter 3 : attenuation center 
frequency 





Resonance elimination filter 3 : attenuation 
bandwidth 





Resonance elimination filter 3 : damping 





Resonance elimination filter 4 : attenuation center 
frequency 





Resonance elimination filter 4 : attenuation 
bandwidth 





Resonance elimination filter 4 : damping 





Spindle EGB master side : denominator of arbitrary 
gear ratio between motor sensor and spindle 





Spindle EGB master side : numerator of arbitrary 
gear ratio between motor sensor and spindle 





Denominator of arbitrary gear ratio between spindle 
sensor and spindle (High) 





Numerator of arbitrary gear ratio between spindle 
sensor and spindle (High) 





Denominator of arbitrary gear ratio between spindle 
sensor and spindle (Low) 





Numerator of arbitrary gear ratio between spindle 
sensor and spindle (Low) 





Rate of change in acceleration at soft start/stop 





Primary delay time constant in dual position 
feedback [in servo mode] 





Maximum amplitude in dual position feedback [in 
servo mode] 





Dual position feedback zero width [in servo mode] 
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Excessive semi-closed loop/closed loop position 
error alarm detection level [in servo mode] 





B-65280EN/06 APPENDIX _C.PARAMETER TABLE FOR EACH MOTOR MODEL 





C PARAMETER TABLE FOR EACH MOTOR 
MODEL 


- 685 - 


C.PARAMETER TABLE FOR EACH MOTOR MODEL APPENDIX 


C. 


1 


SPINDLE MOTOR aiI series 
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Motor model ai 1 0.5/10000 ai 1 1/10000 ai 1 1.5/10000 ai 1 2/10000 ai 1 3/10000 ai 1 6/10000 ai I 8/8000 ai I 12/7000 
Applicable amplifier 
Model code 301 302 306 308 310 312 
Applicable software series and edition] 9D50/F 9D50/D 9D50/D 9D50/D 9D50/D 9D50/F 9D50/D 9D50/D 
de in - 0.55/1.1kW. 1.5/2.2kW 2.2/3.7KW 3.7/5.5kW 5.5/7.5kW 7.5/11kW 
High-speed winding chracteritics eA am ae sot 4 ae) 4 me 
3000/10000min~ | 3000/10000min™ | 1500/10000min~ | 1500/10000min™ | 1500/10000min™ | 1500/10000min™ _|_1500/8000min 1500/7000min 
rm [rm [ray [| | | =| 
3007 
3008 4008 4008 00000000 00000000 00000000 00000000 00000000 00000000 
3009 4009 4009 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 
3010 
3011 
3012 4012 4012 10000010 10000010 10000010 10000010 10000010 10000010 
3013 4013 4013 00001100 00001100 00001100 00001100 00001100 00001100 00001100 00001100 
3019 
3020 10000 10000 
3039 4039 4039 
3040 [4040 [40400 
3041 [4041 404t 
3049 4049 4049 
83] 85 77 60] 
3083 
3093 [4093 [| 4093 [Of 
3100 3400 3100 1550 1600 
3101 4101 4101 100 100 
3102 4102 4102 6500 3557 2767 2567 1967 2630 1656 1500 
46 87 60} 68] 75] 
3103 4103 4103 ort ort ot ort ort 60} 0 0 
3104 
3105 4105 A105 [0 Of 0 Of 0 0 0 0 
3107 4107 4107 0 0 0 0 0 0 0 0 
3108 [4708 T4008 OP OOP OOO 
3109 4109 4109 25 25[ 8 25 25 25 25, 
3110 
3111 
3112 
3113 
3114, [atta fata TO 23040ftozof 0801920023040} 
3115 [atts att OP Of 00 00 00 0000100) 
3116 4116 4116 
3117 4117 4117 90 2G] __88 90 28250 90 | $4 
3118 4118 4118 100 00 100 100 10 100 100 00 
3119 
3120 [4120 [41200 POP OOP OP Off 
3127 4127 4127 240 76 404 202 78 164 176 64 
3128 4128 4128 P20 OT 109 Wi7f 
3129 [4129 [4129 OOO 
3130 4130 4130 25700 2e7oh|__28708 25700 25700 25700 25700 25700 
3134 4134 4134 110 10 110 110 10 130 130 30 
3136 4136 4136 fo a +) ) ee) 
3138 [4138 [4138 PO a +) ) ee) 
3140 4140 4140 0 0 0 0 0 0 
AC DO) ) (©) ©) ©) ©) ©) 
31420 [4142 ata OPO OPO Off 
3143 [4143 tag Of 
3144 4144 2 ©) ©) (©) (©) (©) (©) () 
3145 [4145 a OP OP OP OP OP OO 
3146 4146 4146 POO of 
3147 4147 CE ©) ©) (©) +) ©) SE) 
3148 [4148 Tae OP OP OP OP OP Of 
3149 [4149 tag OO OP OP OP Of 
3151 4151 4151 0 0 0 0 0 0 
3152 [41520 452 a +) en) ee) 
3153 [4153 [4153 PO a +) en) ee) 
3155 4155 4155 0 0 0 0 0 0 
3156 [4156 T4056 OPO OP OP OPO 
3158 4158 4158 PPO of 
3161 4161 4161 0 0 0 0 0 0 
3165 [4165 Tt OP OP OP OOP OO 
3166 4166 ANG = 3) 0 10 0 0 0 0. 0) — 
3169 4169 4169 0 0 0 0 0 
Maximum output during acceleration 1.32kW 2.64kW 4.44kW 4.44kW 
(for PS selection) 2.60kW/(*1) 2.87kW(*1) 6.7kW(*1) 6.4kW(*1) 7.9kW(*1) 
Motor model (old name) «0.5/10000i 1/10000i «1.5/10000i 2/10000i 3/10000i «6/10000i «8/8000: 12/7000: 
Fpplicable ampier old name) 





(*1) This setting makes the maximum output during acceleration greater and the acceleration time reduced. 
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ai | 15/7000 ai | 18/7000 ai | 22/7000 ai 1 30/6000 ai 1 40/6000 ail 50/4500 | ail 1.5/15000 
ai SP22 ai SP22 ai SP26 ai SP45 ai SP45 oi SP55 ai SP15 
316 318 320 305 
9D50/D 9D50/F 9D50/D 9D50/1 
Picrmeiviimene | = f= f= {= f= | - | = 
15/18.5kW 18.5/22kW 22/26kW 30/37kW 37/45kW 45/55kW 1.5/2.2kW 
igh-speed winding chracteritics 34 8h | a cakt acd <4 
1500/7000min™ | _1500/7000min | 1500/7000min™ | _1150/6000min™ |_1500/6000min" | 1150/4500min™ | 3000/15000min 
see ae ees aera 
00000000 00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 00000000 00000000 00000000 
(00000000 00000000 00000000 00000000 00000000 00000000 00000000 
00011010 00011010 00011010 00011010 00011010 00011010 00011001 
3012 4012 4012 10000010 10000010 10000010 10000010 10000000 10000000 10000010 
01010000 01010000 01010000 00011000 00011000 00011000 00001100 
00000700 00000100 00000700 00000700 00000100 00000700 00000100 
7000 7000 7000 6000 6000 4500 15000 
[3023 [ 4023 [ 4023 [TT 
3039 4039 4039 0 
3040 4040 4040 
3041 4041 4041 
| 3048 [ 4048 [4048 TT 
| 3049 [ 4049 [ 4049 7 
20555 11615 80 77 80 80 14165 
30 30 30 30 30 30 10 
3093 4093 0 0 0 0 0 0 0 
3100 4100 4100 1500 1520 1500 1387 1740 1200 3250 
95 100 95 100 100 85 33 
1710 1813 1756 1387 1740 1201 7145 
5500 3000 4500 6000 3000 3000 2300 
3106 4106 4106 5500 10000 4500 6000 3000 4500 8700 
a |) ee) ee) 0 
|) ee) ee”) 0 
25 25 25 25 25 25 25 
794 943 924 1145 970 1260 629 
3111 4111 4111 243 333 252 286 286 320 180 
3112 4112 4112 200 200 200 200 200 200 200 
3113 4113 4113 304 308 290 189 190 70 2227 
23040 0 0 20480 23040 23040 0 
100 100 100 00 100 00 90 
5177 3600 5564 6071 6128 5800 10289 
90 90 29530 90 90 90 90 
4118 100 100 110 100 100 00 100 
3119 4119 4119 31 31 29 51 48 56 5 
[3120 [4120 [ 41720 7 OO 0 
[3124 [4124 T4t2a 0 
148 146 46 176 
0 0 14 23 
3130 4130 4130 25700 25700 25700 25700 25700 25700 25700 
130 130 30 110 
[3136 [ 4136 [ 4136 [OOOO 0 
| 3138 [ 4138 _[ 4138 [Oo 0 
| 3139 [ 4139 [ 4139 [OT 0 
3141 4141 4141 0 0 0 0 0 0 0 
P3142) [4142 4142 OO 0 
P3143 [4143 4143 0 
[3144 [4144 4i4a 0 
[3145 [4145 [4145 Tf 0 
3147 4147 4147 0 0 0 0 0 0 0 
P3148 [4148 44a 0 
P3149 [ 4149 [4149 7 0 
| 3150 _[ 4150 [ 4150 [OO] 0 
[3151 [ 4151 [4151 [OOo 0 
| 3152 [| 4152, [ 4152 [of 0 
3154 4154 4154 0 0 0 0 0 0 0 
P3155 [4155 T4155 OO 0 
P3156 [ 4156 [ 4156 Tf 0 
| 3158 [ 4158 [ 4158 [Oo 0 
| 3159 [ 4159 [ 4159 [OT 0 
3165 4165 4165 0 0 0 0 0 0 0 
| 3166 [ 4166 [ 4166 [OPO 0 
[r= 31602]: 4160. [= 4169 [2S Of 0 fr 0 10 0 
Maximum output during acceleration 22.2kW 26.4kW 31.2kW 44.4kW 54.0kW 66.0KW 13.0kW 
(for PS selection) 
«15/7000i 18/7000: 22/7000: 30/6000 40/6000: 50/4500: 1.5/15000i 
‘SPM-22i SPM-22i SPM-26i ‘SPM-45i SPM-45i SPM-55i SPM-15i 
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(*1) 
(*2) 
(*3) 
(*4) 











output range switching motor. 
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Motor model ai 1 2/15000 ai 1 3/12000 ai 1 6/12000 ai 1 6/12000(*4) ai 1 8/10000 ai 1 8/10000(*4) | ai112/10000 | ai I 12/10000(*4) 
Applicable amplifier ai SP22 ai SP11 ai SP11 ai SP11 ai SP11 ai SP11 ai SP15 ai SP15 
Model code PS 80 Tee = oYis 309s [ON 02 a 03 
Applicable software series and edition! 9D50/D_| 9D50/F_ | 9DSO/D_ | DSF = opso/F | 
= has yi eee eee 5.5/7.5kW 5.5/7.5kW 7.5/11kW 7.5/11kW 11/15kW 
Low-speed winding chracteritics oA ae) 4 4 4 x4 
1500/12000min™ | 1500/12000min™ |_1500/10000min™ | 1500/10000min™ | 1500/10000min™ | 1500/10000min 
er 7 2.2/3.7KW 3.7/5.5kW 5.5/7.5kW 7.5/11kW 11/15kW 
3000/15000min™ | 1500/12000min™ | 4000/12000min 4000/10000min 4000/10000min 
Fi [re [rot | aa Rew a ae 
3007 4007 00000000 00000000 
3008 4008 4008 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 
3009 4009 4009 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 
3010 4010 4010 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 
3011 4011 00011001 00011001 
3012 4012 10000010 10000010 
3013 4013 01010000 00001100 
3019 4019 00000100 00000100 
3020 4020 12000 12000 10000 10000 10000 
3023 4023 4023 333(*2 400(*2 400(*2 
3039 4039 re) 
3040 4040 fT 
3041 4041 
3048 4048 
3049 4049 4049 
3080 4080 4080 
3083 4083 4083 
3093 4093 
3100 4100 
3101 4101 
3102 4102 
3103 4103 4103 
3104 4104 4104 
3105 4105 4105 0 0 0 0 0 0 0 
3106 4106 
3107 CTY A 0 ©) ©) (©) ©) (©) 
3108 4108 4t08 OOO OOO 
3109 4109 
3110 4110 4110 588 559 431 754 503 503 95] __388 
3111 4111 4111 175 190 125 260 65 170 173 73 
3112 4112 200 200 200 200 200 
3113 4113 1800 900 650 620 480 
3114 4114 0 19200 20480 20480 0 
3115 4115 100 Toop 00P 00 00 00100100) 
3116 4116 16564 7376 8986 8803 5734 8118 5280 5000 
3117 4117 4117 90 90 90 90 00 90 90 90 
3118 4118 100 Toop 00P OOP 00 OT 00100) 
3119 4119 15 15 20 12 34f 
3120 4120 [4120 OO OP OP OO Of 
3124 CPZ 2 (©) ©) (©) )] ©) (©) 
3127 4127 
3129 4129 4129 0 0 0 0 0 0 0 
3130 4130 25700 25700 
3134 4134 110 CL) 0) 0) 0) (0) F0] 
3136 CSCO (CR (©) ©) (0) )] 0) ©) 
3138 4138 43a OPO OPO OO OOF 
3140 4140 4140 0 0 2630 0 1656 1500 
3141 CS (©) ©) (10) ©) (©) I) 
3142 41420 4taa OO 000 000000 
3143 4143 Tatas OO 00 800000 
3144 CS (©) ©) (©) ©) (©) 
3145 4145 fata OP Oe 
3146 4146 4146 0 0 754 0 503 0 595 
3147 4147 4147 0 0 260 0 70 0 173 
3148 4148 fanaa OPO 200 OP 200 200 
3149 4149 4tag OPO 20 O90 
3150 4150 [| 4150 20480 0 ig200o[ OT 23040f 
3151 4st att OP 00 tf tf 
3153 4153 4153 0 0 90 0 90 0 90 
3154 4154 | ata 100 0 oof tf 
3155 CES (©) ©) (©) ©) ©) 
3156 CESAR CR) ©) (©) ) ©) (©) I) 
3158 CES (©) ©) ) Od) I) 
3159 4159 4159 0 0 0 0 0 0 0 
3161 4161 4161 0 0 25700 0 25700 0 25700 
3165 4165 4165 0 0 15 0 12 0 31 
3166 4166 | 4te6 PO 66 0 CTS) 0) 
3169 ANGO =|" A169. ih a 0 a 20 0 OY 0 2 0 0 
Maximum output during acceleration 20.0kW 13.0kW 9.0kW 9.0kW 13.2kW 13.2kW 18.0kW 18.0kW 
(for PS selection) 14.0kW(*1) 
Motor model (old name) 6/12000i @6/12000i 8/10000i 
Fpplicable amalfer (old name) SPM SPMTi SPM 


This setting makes the maximum output during acceleration greater and the acceleration time reduced. 
When using the SDT signal, manually change the parameters that were automatically set. 

Set this value as the initial value of the velocity loop gain for low-speed characteristics of speed range switching. 
This setting is used when only a low-speed winding is connected without the output range being switched in the 
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ai115/10000 | ai1 15/10000(*4)| ail 18/10000 | ail 18/10000(*4)| ail 22/10000 | «i 1 22/10000(*4) 
ai SP22 ai SP22 ai SP22 ai SP22 ai SP26 ai SP26 


Model code 404 = 405 406 = 
Applicable software series and edition] 9D50/F = 9D50/F Q9D50/E = 
roosomin | 5000000 oooomin | 15000000 
ow-speed winding chracteritics Ae tot ae fer 224 ae 
1500/10000min™ | 1500/10000min™ | 1500/10000min~ | 1500/10000min™ | 1500/10000min~ | 1500/10000min 
[ Hetrareeswinns tacos | osorcocomin’| | acoococomin'| ————‘[aoootoooomin'| 
High-speed winding chracteritics 2 ae Sst 
4000/10000min 4000/10000min 4000/10000min 
Ew BGI Be aa ae Re ae ee aT es 
3008 4008 4008 00000000 00000000 00000000 00000000 00000000 00000000 
00000000 100000000 
00000000 100000000 
00011010 00011010 
10000010 10000010 
3019 4019 4019 00000100 00000100 00000100 00000100 00000100 00000100 
10000 1000: 
| 3023 [4023 J 4023, [  4002)P 400A 400(*2 


3039 4039 4039 PO 
3040 4040 4040 fT 


—_—! 
3041 4041 4041 
3048 4048 4048 
3049 4049 4049 

3080 4080 4080 | a 20555 80 11615 


3083 4083 4083 30 30 

3093 4093 4093 0 143] 

00 4100 4000 1500 4100 1520 
2 


01 4101 6: 95 100 100 
02 4102 3482 1710 4582 1813 
03 4103 75 0 84 
04 4104 170! 5500 1300 3000 2800 


05 4105 a) |) 
550 5500 5000 10000 2800 
0 0 0 


06 4106 
0 
0 0 0 0 
25 25 25 25 25 


07 4107 

08 4108 

09 
4110 57: 603 
4114 19 143 
4112 20 200 

13 4113 27 265 
4114 23040 23040 0 [| —___ 24320 
15 4115 100 100 100 100 
4116 512 5523 

17 0) |) 0) 


4117 
[4118 [4118 100 10o[ «10074 
31 30] 


18 
4119 
24 4124 0 0 
27 4127 14 
1) ee) 
29 4129 er ) ee | eT) 
30 4130 2570 25700 25700 


34 4134 130 130 130 30 130 130 
36 4136 30 0 30 0 30 
38 4138 1500 1520 0 1440 


39 4139 a) |) 
40 4140 a) 1709 
a1 4144 sat 
4 4142 ssoof 000 


2 
43 4143 5500 10000 
44 4144 0 
4145 2, CO 
a) a ) <) 


ad 
a7 [of 333[ 
[of 200 0} 


48 4148 
304 308 
23040 0 


49 4149 
50 4150 
4151 Po 100 
52 4152 517 3600] ~*~ 
|) ee) 

foo. tof 


[| 4153 [4153 
{——4 


53 
4154 
55 4155 
56 4156 
58 
4159 a) |) 
4161 25700of O25 7OOT 
65 | | ) 
66 4166 20sss[ OTST 


4165 
69 69 4169 0 0 0 0 
Maximum output during acceleration 22.2kW 22.2kKW 26.4kW 26.4kW 31.2kW 31.2kKW 
(for PS selection) 
0.15/10000i 015/10000i 18/10000i 18/10000i 22/10000i 422/10000i 


Applicable amplifier (old name) SPM-22i SPM-22i SPM-22i SPM-22i SPM-26i SPM-26i 
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(*2) When using the SDT signal, manually change the parameters that were automatically set. 
(*4) This setting is used when only a low-speed winding is connected without the output range being switched in the 
output range switching motor. 
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Motor model ai Ip 12/6000 ati Ip 12/8000 ai Ip 15/6000 ai Ip 15/8000 ati Ip 18/6000 ai Ip 18/8000 ai Ip 22/6000 ati Ip 22/8000 
ai $P22 
Model code Tar OCS 
Applicable software series and editio! 9D50/F = 9D50/F = 9D50/F = 9D50/F = 
Dove cea a7 3.7/7.5kKW 3.7/7.5kKW 5/9kW 5/9kW 6/11kW 6/11kW 7.5/15kW 7.5/15kW 
ow-speed winding chracteritics ved 24 Ang TA soot Pa) ae <A 
500/1500min 500/1500min 500/1500min 500/1500min 500/1500min 500/1500min 500/1500min 500/1500min 
High- Awifdinetchracterttl 5.5/7.5kW 5.5/7.5kW 7.5/9kW 7.5/9kKW 9/11kW 9/11kW 11/15kW 11/15kW 
igh-speed winding chracteritics aE ber pe | Jy 24 = a 4 
750/6000min 750/8000min 750/6000min 750/8000min 750/6000min 750/8000min 750/6000min 750/8000min 
= 
= 
= 
= 
= 
= 
a 
= 
6000 8000 6000 8000 6000 8000 6000 8000 
3023 4023 4023 125(*2 94(*2 125(*2 94(*2 125(*2 94(*2 125(*2 94(*2 
|_3039 | 4039 [4039 [OO = a) 5 
| 3040 [4040 [40400 
—— 
3048 4048 4048 
= 
20 =|———in = 
= 220 = 240 - 
= 109 =|" = 
3101 4101 4101 = = 100 S 100 bon 
= 
= 
= 
| 3105 [4105 at05 OOO = 
= 
| 3t07_ [4107 [ator OP OO = 
p 3108 [4108 4108 OO < 
= 
oa 
= 
s 
= 
= 
= 
3116 4116 4116 53 51 << 5671 = 6196 = 
= 
3118 4118 4118 = = 100 - 00 = 
= 
3120 4120 4120 co 0 = 0 co 
= 
3127 4127 4127 Acs 14 <= 147 oxi 64 ic 
z << “ = 
3129 4129 4129 0 <= 0 - 0 = 0 on 
= 
= 
= 
5 
| 3139 [4139 T4139 OP OP 8100 a 
= 
P3141 4a aa BOP BO = 
= 
= 
| 3144 [4144 ata OOO = 
= 
= 
os 
= = 
4149 ai = 315 = 327 = 
= 
= 100 = 100 = 
— = 
= 90 - 90 = 
=o =———"a = 
3155 4155 4155 0 = es 0 - 0 - 
P3156 [4156 at OPO = 
| 3158 [4158 aise OP 05 90 = 
P3159 [4159 4159 OOO = 
= 
< 
3166 4166 4166 70 = 70 <- 77 - 75 - 
3169 4169 4169 Ss 0 baa 0 am 
Maximum output during acceleration 12.3kKW 12.3kW 13.5kW 13.5kW 15.1kKW 15.1kW 20.0kW 20.0kW 
oer ie ee See ee ets er oe te 
Motor model (old name) 12/6000: P 12/8000: P a.15/6000i P 15/8000: P 18/6000: P 18/8000i P 022/6000i P 22/8000i P 
Applicable amplifier (old name) SPM-117 SPM-11i SPM-15i SPM-15i SPM-15i SPM-15i SPM-22i SPM-22i 





(*2) When using the SDT signal, manually change the parameters that were automatically set. 
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Replcable amplifier 
Applicable software series and edition] 9D50/E 9D50/F 9D50/E 9D50/F 
= ee aa 22/30kW 18.5/30kW 
Low-speed winding chracteritics at pe 
400/1500m 400/1500m 575/1500min 400/1500min 
ai. os 2; 22/30kW 22/30kW 
High-speed winding chracteritics me a 
575/6000min 575/6000min 1200/6000min 750/4500min 
ri [rm f[rmo, | | | | 
3007 4007 00000000 00000000 
3008 4008 00000000 00000000 
3009 4009 00000000 00000000 
3010 4010 00000000 00000000 
3011 4011 00011010 00011010 
3012 4012 10000010 10000000 


3013 4013 4013 01010000 01010000 01010000 01010000 
3019 4019 4019 00000100 00000100 00000100 00000100 









3020 4020 4020 6000 6000 6000 4500 
3023 4023 4023 200(*2 167(°2 


3039 4039 [ 4039 [OP 
soar_[—a0at — 
3041 4041 

CC 
3049 4049 4049 

















3080 4080 75 75 
3083 4083 30 30 
3093 4093 164 195 
3100 4100 1107 750 
3101 4101 100 84 
3102 4102 1107 861 
3103 4103 [_—-80| 0 80 
3104 4104 8000 5000 
3105 4105 [4105 [Of 
3106 4106 8000 9000 
3107 4io7_ [| 4107 [Oo 
3108 4108_ [4108 TO 
3109 4109 25 25 
3110 4110 686 1018 
3111 4111 175 280 
3112 4112 200 200 
3113 4113 180 196 
3114 4ii4_ [4114 treo 25600T 
3115 4115 100 100 





ani [ a7 “90 x 
3117 4117 17 90 90 90 
arr [ a1 5 a 

19 48 56 53 49 


3119 4119 


3120 4120 20 0 0 
3124 4124 24 0 a 


AS 











AAAS 





3128 4128 4128 105 85 100 0 
3129 A129: 7| 4129" [0 Of Oe 0 
3130 4130 25700 25700 
3134 4134 130 130 
3136 4136 30 30 
3138 4138 608 420 
3139 4139 100 85 
3140 4140 608 497 
3144 aiat fata 
3142 4142 21000 8000 
3143 4143 21000 12000 
3144 4144 [44a 
3145 4145 25 25 
3146 4146 1131 1764 
3147 A147 317 510 
3148 4148 200 200 





3149 4149 49 165 200 195 195 
3150 4150 50 0 23040 0 


AS 














3151 4151 100 100 
3152 4152 4152 6191 5045 
3153 4153 90 90 
3154 4154 4154 100 100 
3156 4156 4156 0 0 
3158 4158 [ 4158 [OT Ct COC 
3159 4i59_[ 4159 [CO CC se te; TC C“‘(;sCid 
3161 4161 25700 25700 
3165 4165 49 20 
3166 | 4166 65 45 








si69_| ateo | 4169 fof —of of _j 


Maximum output during acceleration 25.0kW 29.0kW 35.4kW 36kW 
Motor erodel (old name) 
Roplcable ampiier (old name) 








(*2) When using the SDT signal, manually change the parameters that were automatically set. 
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C.3 SPINDLE MOTOR ailt series 





ai Ir 1.5/15000 | oil 2/15000 | ailr3/12000 | ailr6/12000 | ailr 6/12000(*4)| ail 8/12000_| ai Ir 8/12000(*4) 
ai SP15 ai SP22 ai SP11 ai SP15 ai SP15 ai SP15 ai SP15 


Model code = 
[Applicable software series and al - 
L 5.5/7. en 5.5/7.5kW 7.5/11kW 7.5/11kW 
ow-speed winding chracteritics A 
1500, 1500/12000min~ | 1500/12000: 1500/12000min 
1. ee 2kW wal 2/3.7KW 3.7/5.5kKW 5.5/7. aU 7.5/11kW 
High-speed winding chracteritics 4 = 
ee 5000min” pSon0/tso00min ptecort2o0omia 4000/12000min"* 4000/12000min 
Foie] Fie] F830 eee eres EASRSeEST 
3007 4007 4007 a | §_reaaaa as 00000000 00000000 00000000 00000000 
3008 4008 4008 00000000 00000000 00000000 00000000 00000000 00000000 00000000 
3009 4009 4009 00000000 00000000 00000000 00000000 00000000 00000000 00000000 
3010 4010 4010 00000001 00000001 00000001 00000001 00000001 00000001 00000001 
3011 4011 4011 00011001 00011001 00011001 00011010 00011010 00011010 00011010 
3012 4012 4012 10000010 10000010 10000010 10000010 10000010 10000010 10000010 


3013 4013 4013 00001100 01010000 00001100 00001100 00001100 00001100 00001100 
3019 4019 4019 00000100 00000100 00000100 00000100 00000100 00000100 00000100 








3020 4020 4020 15000 15000 12000 12000 12000 12000 12000 
3023 4023 4023 fT 333(°2 [-—_} __#83(} 333("2 
3039 4039 4039 [OPO of 0 














0 
3083 4083 4083 10 10 30 30 30 30 30 
[3100 | ao00—| e100 —| 50 sao] reno] ———zz00| 7500 ae 
3100 4100 4100 3250 3200 1500 4200 150! 3580 1500 
2 
3102 4102 4102 7145 6432 3015 4561 2630 3580 1642 
































i 7 
5000 
a 0 
5000 
I LS | | | | 0 
| 3108 [4108 T4708 Off 0 
25 
| sito fatto fT 4tio f _6zef___ safe asf tgif a2 566 
162 
200 
snap oais ats zor 00 00 ——— 6} -———— sas} 1090 
sie aaa orto] —— acco of 9 19200 
| 3ti5 [4115 Tati OOO 00 OOF 001000] 100 
10783 8000 
3117 90 90 

15 527, 522 521 

eT 0 

0 

3128 4128 4128 73 85 0 95 105 0 0 
| 3129 | 4129 [4129 Of 0 
25700 
130 


3136 4136 4136 [OOOO O80 
3138 4138 4138 [OO i500] 1500 
3139 4139 4139 OOO of 89 
3140 4140 4140 [OO 2630 1642 
3141 4144 CC (©) ©) (©) (C0) ©) 
3142 4142 41420 POO 5505000 
3143 4143 4143 pf _of__of_s590f__f_5009 
3144 4144 4144 

3145 4145 4145 oes 
3146 4146 4146 POOP TOG] 
3147 4147 4147 p—___Sf__f__of___s _) 
3148 4148 4148 [OO |__204 Po 200f 2000] 


Se =| of aaa 
3150 4150 4150 zu 19200 
Oe o3[ oan 
4152 8803 8000 
TC 
3154 4154 4154 00 100 
_ 
3156 4156 4156 
| 3158 [4158 aise Of a) a) ee) 
| a) er) 
| 3ie1 [4161 atet OP OOf 25 700f Of 25700) 
| 3165 [4165 [ates POO Of 5:21] 
| 


ee ST] —# 


Maximum output during acceleration | OkW | -__4 ———) -___4 $$ 2kW 
(for PS selection) 


a.1.5/15000i t .2/15000it 3/12000it 6/12000i t «6/12000i 8/12000it 8/12000iT 
Applicable amplifier (old name) SPM-15i SPM-22i SPM-11i SPM-15i SPM-15i SPM-15i SPM-15i 

























SLOLOJ[OfOfOfO]O[O[OfO}Ofo[of[ofojojofofofojfo[of[ojojo 


a 
Ned 
iy 
z= 
= 





(*2) When using the SDT signal, manually change the parameters that were automatically set. 
(*4) This setting is used when only a low-speed winding is connected without the output range being switched in the 
output range switching motor. 
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Motor model al It 8/15000 | ai Ir 8/15000(*4) | _ ai Ir 15/10000 Jai Ir 15/10000(*4)|_ ai It 15/12000 [ai Ir 15/12000(*4)| ai Ir 22/10000 J ai Ir 22/10000(*4) 
Applicable amplifier ai SP26 ai SP26 ai SP22 ai SP22 ai SP30 ai SP30 ai SP26 ai SP26 


Applicable software series and edition] 
Low-speed winding chracteritics ae) et od ‘i ay a] 4 
1500/4000m 1500/4000min 1500/10000min™ | 1500/10000min 1400/4000mi. 1400/4000min 1500/10000min™ | 1500/10000min 

15/18.5kW _ 15/18.5/22. i. 22/26kW 

| =f sccorcocomin’| | scoovzccomin'| ————— aori0omin'| 
Foie] FSt6i (ae ee ered Ee I Se | eee 
3007 4007 
3008 4008 
3009 4009 
3010 4010 
3014 4011 
3012 4012 


3013 4013 4013 01010000 01010000 01010000 01010000 01010000 01010000 01010000 01010000 
3019 4019 4019 00000100 00000100 00000100 00000100 00000100 00000100 00000100 00000100 








3020 4020 4020 15000 4000) 10000 10000 12000 4000 10000 10000 
3023 4023 4023 26772, sd 400(*2 292(*2 40072 sd 


3039 4039 [ 4039 [OP Of 
3040 AOA i) 40405 (Tie 
3041 404qs [404g ACB ee 
3048 4048 p 4046 ff 
3049 4049 [ 4049 [  4C3y 


3080 4080 95 80 20555} 85 65 75 56 
3083 4083 2 30 30 30 30 30 30 




















3100 4100 4000 1500 4500 1450 4000 1440 
3102 4102 3482 al a 5392 1783 = 1709 
3104 4104 sue x50 5200 10 70 S000 
3106 4106 16000 5550 5500 3500 7000 7500 5000 
3107 4107 a 6) ©) A ) ©) ©) 
3108 4108 a ©) ©) ©) I) +) 0) 0) | 
3109 4109 
3110 4110 
3111 4114 
3112 4112 
3113 4113 
3114 4114 pL 4ti4 f ___2676of of 28040} 2s04of of of 220 19200) 
3115 4115 as 00 nt i 00] rt of 
3116 4116 
3117 4117 a a a a 
3118 4iig_ [4118 TO tO Of tf 100 
3119 4119 341 
3120 4i20_[ 4120 [Of 
3124 4124 


©) ©) (O°) ©) 
3128 4128 28 0 105 0 0 0 0 
3130 4130 4130 2570 25700 25700 25700 25700 25700 25700 
3136 4136 4136 30 30 0 
3139 4139 4139 0 70 96 





AS 











=) 











ee 


3141 4141 4141 93 96 

3142 4142 aa 5900) | 5500 | 900 | a0 ——— 
3143 4143 [4143 t6000J OOP 00 5000 
3144 CCE DS) ©) ©) ©) 
3145 4145 [4145 PO 
3146 4146 [ 4146 7 4p Ort 8 
3147 aia7 [447 92 asf OPO tz 
3148 4148 [ 4148 TO 200J 200 00 200 
3149 4149 peo} __ 108} st _______369__ot_soo-_ _ 
3150 4150 Po 23040J OP t9200J 
3154 4151 a | | VV 
3152 4i62_[ 4152 7 1083p 2000 VBP 
3153 4153 | 45s fof fof fof of oof 
3154 4154 [4154 TOPO OOOO OT 
3155 4155 [4155 PO OP OOO of 
3156 4156 [ 4156 POP OOO 





3159 4159 59 0 0 0 
3165 4165 65 15 31 25 0 341 
3166 | at66 | —at66 [98] 9 295587 5 | rr 
seo | ateo_| ateo | of of —of of of of of ov 


Maximum output during acceleration 28kW 28kW 22.2kW 22.2kW 38kW 38kW 31.2kW 31.2kW 
(for PS selection) 


Motor model (old name) 8/15000i T 28/15000i t 15/10000i t a15/10000i T 15/12000i T a15/12000i T 22/10000i t 22/10000i T 
Applicable amplifier (old name) SPM-26i SPM-26i SPM-22i SPM-22i SPM-30i SPM-30i SPM-26i SPM-26i 


AS 





ALAA 

















(*2) When using the SDT signal, manually change the parameters that were automatically set. 

(*3) Set this value as the initial value of the velocity loop gain for low-speed characteristics of speed range switching. 

(*4) This setting is used when only a low-speed winding is connected without the output range being switched in the 
output range switching motor. 
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C.4 


SPINDLE MOTOR aI series (400V) 


B-65280EN/06 


















































Motor model ai 1 0.5/10000HV| ai I 1/10000HV ail 3/10000HV | ail 6/10000HV | ail 8/8000HV | ail 12/7000HV 
Applicable amplifier ai SP5.5HV ai SP5.5HV ai SP11HV oi SP11HV ai SP1SHV 
Model code 311 313 315 317 319 321 325 326 

Applicable software series and edition] 9D50/F 9D50/F 9D50/F 9D50/F 9D50/F 9D50/F 9D50/F 9D50/F 
7 ae : 0.55/17. 1kW T.173.7KW 2.213.7KW 3.775.5kW 5.5/7.5kW 7.5/T1KW T115kW 
High-speed winding chracteritics ae 4 4 swf nae a 3 Se 04 
3000/10000min" | 3000/10000min" | 1500/10000min" | 1500/10000min" | 1500/10000min" | 1500/10000min™ |_ 1500/8000min"' _|_1500/7000min 
Fsisi_[ Fsi6 [| FS3 fT 
3007 00000000 00000000 00000000 00000000 00000000 00000000 
3008 00000000 00000000 00000000 00000000 00000000 00000000 
3009 00000000 00000000 00000000 00000000 00000000 00000000 
3010 4010 00000000] —«00000000] 00000000 00000000 00000000 00000000 00000000 00000000 
3011 00011001 00071001 00071001 00071070 00071010 00011010 
3012 10000010 10000010 10000010 10000010 10000010 10000000 
3013 4013 00001100/ 00001100] 00001100 00001100 00007100 00001100 00001100 00001100 
3019 00000100 00000700 00000100 00000700 00000700 00000100 
3020 T0000 T0000 10000 T0000 8000 7000 
3023-3 A023F 2 [is A025 ss [| 
3039 [4039 [4039 POO 0 
3040_[ 4040 [ 4040 [TT 
3041 [4047 [4044 
3048 [4048 [| 4048 fT 
3049; < [is 34040) si “A040 | ne 
20565] 14173 80 85] 85 88 
rate 20570("1 14170("1 65("4 75("1 65(*4 fo 85("4 
3083 4083 1) 30 30 30 30 30 30 
3093 [ 4093 [ 4093 [OT 0 
3100 1610 1500 1400 1500 1800 1550 
3101 4101 Tool —Sst~OS 100 100 T00 100 00 T00 
3102 4102 6503] 3600 2745 4421 2288 3000 2323 1754 
45] 83 65 50 61 58 85] 88 
2108 ass 0("4 0(*4 ("4 oc" 0(*4 0("4 ("1 o("1 
3104 5000 5000 7000 5000 7000 2000 
3105 [4105 [4105 [CC 0 
3106 12000 5000 7000 5000 7000 4500 
stor [4107 [ator [Of 0 
3108 [4708 [4108 OOO 0 
3109 25 25 25 25 25 25 
3110 4110 3143|—SSsS~=«i 2 1109 1397 1077 754 629 1077 
3111 220 318 237 272 229 250 
3112 4112 200, —SSS~*~« 200 200 200 200 200 200 
3113 4113 2058 2200 2400 935 873 878 723 275 
3114 4114 4114 23040 14080 17920 110 20480 23040 23040 0 
3115 4115 100 00 100 100 100 100 00 100 
3116 4116 4116 13641 17300 10218 10519 9908 9016 8734 5800 
3117 4117 re 90 90 90 90 90 90 
3118 4118 4118 100 00 100 100 100 100 00 100 
3119 4119 s| 4 4 10 1 11 13 35 
3120 4120 4120 0 0 0 0 0 0 0 0 
3124 4t24 af 0 
3127 404 202 178 164 6 164 
3128 4128 1) 2) 107 90 90 0 0 108 
3129 [4129 [ 4t29 [CO 0 
3130 25700 25700 25700 25700 25700 25700 
3134 4134 Tol —«i'1074 110 110 110 130 30 130 
3136 [4136 [4136 OOO Of 0 
3138 [4138 [438 PO 0 
3139 [4139 [4139 OO Of 0 
3140_ [4140 [4140 TOP 0 
AC DO OR ©) (©) ©) (©) ¢) I) 0 
3142 [4142 Tata Of 0 
3143 [4443 4a OOOO 0 
3145 4145 4145 0 0 0 0 0 0 0 
3147 4147 4147 0 0 0 0 0 0 0 
3149 4149 4149 0 0 0 0 0 0 0 
3151 4151 4151 0 0 0 0 0 0 0 
3153 4153 4153 0 0 0 0 0 0 0 
3154 [41544 OOO Of 0 
3155 [4155 [455 TOO 0 
3156 [4156 [456 OPO OOO 0 
3158 [4158 [458 PO 0 
3159 [4159 [459 OO OOO 0 
3161 [ 4ie1 [ 4ten PO 0 
3165 [4165 Tate OOO Of 0 
3166_ [4166 [ 4te6 [OP 0 
3169 [4169 [469 OOOO 0 
Maximum output during acceleration 1.32kW 2.64kW 4.44kW 4.44kW 6.6kW 9.0kW 13.2kW 18.0kW 
(for PS selection) 2.59kW("1) 3.0kW("1) 6.3kW("1) 7.5KW("1) 8.9kW("1) 15.4kW(*1) 15.8kW(*1) 20.3kW(*1) 
Motor model (old name) 0.5/10000HVi a3/10000HVi a6/10000HVi 8/8000HVi «12/7000HVi 











(*1) This setting makes the maximum output during acceleration greater and the acceleration time reduced. 
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Motor model ai 16/7000RV 
Applicable amplifier oi SP3OHV 
Model code 327 328 329 = = 415 
Applicable software series and edition] 9D50/F 9D50/F 9D50/F = = 9D50/F 
Low-speed winding chracteritics Pay ree] 
1000/3000min 1000/3000min 
ee aa i 15/18.5kW 22/26kW 30/37kW 37/45 kW 60/75 kW 100kW Veg 
High-speed winding chracteritics sant _ 4 4 54 of 4 
1500/7000min 1500/7000min 1150/6000min 1500/6000 min” |_ 1150/4500 min 2000/4000min 
ES15t 5 [ic ES (Gi ail RS308 Sa ee ie | Se 
3007 
3008 4008 00000000 
3009 4009 00000000 
3010 4010 00000000 
3011 4011 00011010 
3012 4012 10000010 
3013 4013 01010000 
3019 4019 00000100 
3020 4020 7000 
3023 [4023 [4023 50002) 
3039 [4039 [4039 POP OO OO 
3040 [4040 [4040 TT 
3041 [4041 4044 
3048 =] 40487 [4046 3 [ye 
3049 [ 4049 [4049 
3080 4080 65 75 98 82 90 of 
3083 
3093 [4093 [4093 PPO OO 20 
3100 4100 1500 1595 1230 1600] 1130) ay] _#35 
3101 4101 4101 73 100 85 100] 100) 100 100 
3102 
3104 
3105 [4405 4105 OPO of 
3106 4106 4500 
stor [ator 4107 PO of 
3108 [4408 T4108 OP Of 
3109 4109 25P P| 
3110 4110 W4gof B8BP 257 tra A823 
311 Att 42st 223 P58 S239 
3112 4112 200 
3114 4114 4114 23040 20480 0 0 0 0 0 
3115 4115 100 100 100 100] 100 10 
3116 4116 4116 5153 5572 5056 6212) 5042) 6516 6532 
3117 4117 90 90 90 90 793} 199 
3118 4118 4118 100 100 100 100] 00 105 05 
3119 4119 34 29 60 54] 49 $$|____4 
3120 4120 4120 0 0 0 0 0 0 0 
3124 [ 4t24 ata Of 
3127 
3128 0 110 © ©) 
3129 [4i29 429 Of of 
3130 
3134 [4134434 30 80 30 OP 80 Of 140] 
3136 [4136 T4136 OPO OO 80 
3138 [4138 4138 OO Off 83sf 
3139 [4439 [4139 OPO OO 00 
3140 [4140 [4140 OPO Off 835f 
AC DR QO) ©) ¢) ©) ©) ¢) () 
3142 4i4a aa OO Of of 6000f 
3143 [4443 ata OOO OO 500 
3145 4145 4145 0 0 0 0 0 25 
3147 4147 4147 0 0 0 0 0 239 
3149 4149 4149 0 0 0 0 0 215 
3151 4151 4151 0 0 0 0 0 100 
3153 4153 4153 0 0 0 0 0 105 
3154 [4154 Tata OOO tS 
3155 [4155 4155 OPO Of of 
3156 [4156 [4156 OPO OOo 
3158 [41584158 OPO Of of 
3159 [4159 4159 OPO OOo 
3161 aiet fT 4tet OPO Of of 25700f 
3165 [4165 te POO OO 20 
s166_ [4166 _ [4166 OPO Of Ore 
$169. [4160's "4160" | 0 0 Of 0 = 00 
Maximum output during acceleration 22.2kW 31.2kW 44.4kW 54kW 90kW 117kW 117kW 
(for PS selection) 
Motor model (old name) 015/7000HVi 22/7000HVi a30/6000HVi a4 0/6000HVi 

















(*2) When using the SDT signal, manually change the parameters that were automatically set. 
(*4) This setting is used when only a low-speed winding is connected without the output range being switched in the 
output range switching motor. 
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aie 4O16000HV | ai lp 60/6000 
ui SPOOHV 
Model code = = 
Applicable software series and edition] - - 
ar a 5/9kW 13/22kW 22/30kW 
Low-speed winding chracteritics Aa ae | 
500/1500min 400/1500min 575/1500min 
High-speed winding chracteritics /DIORW. eekly. 
750/6000min"_|_575/6000m 1200/6000min" 
[rss [si [rot [| | 
4007 4007 00000000 00000000 00000000 
3008 4008 4008 00000000 00000000 00000000 
4009 4009 00000000 00000000 00000000 
3010 4010 4010 00000000 00000000 00000000 
4011 4011 a a 00011010 
3012 4012 4012 10000010 10000000 10000010 
4013 4013 SO Toot — arora 01010000 
3019 4019 4019 00000100 00000100 00000100 
4020 4020 6000 6000 
4023 4023 125 167 
|_ 3039 | 4039 | 4039 [J 0 
| 3040 [| 4040 | 4040 [ 
3048 4048 4048 
3080 4080 4080 95 73 80 
3093 4093 4093 216 203 164 
4100 4100 760 600 1120 
3101 4101 4101 90 100 100 
4102 4102 et 284 1356 
3103 4103 4103 60 75 85 
4104 4104 5000 6000 
3105 4105 4105 0 0 0 
16000 
| 3107 [4107 _[ 4to7 J 0 
4108 4108 gf 0 
25 
4110 4110 1384] «(10098 838 
Att att 330] 304] 225 
200 
201 
4114 4114 0 0 
4115 4115 10of 100 100 
6202 
| 3ii7_ f4ttz [ati 090 90 
| 3118 [4118 [4118 fT t00f 90 100 
48 
| 3120 | 4120 7 4120 [Of 0 
| 3124 [4124 atag 0 
4127 4127 144f 143] 164 
3129 4129 4129 0 0 0 
4130 4130 25700 25700 
3134 4134 4134 130 130 130 
4136 4136 30 30 30 
3138 4138 4138 530 430 699 
3140 4140 4140 726 661 699 
3142 4142 4142 10000 8600 10000 
4143 4143 28000 24000 
3144 4144 4144 0 0 0 
4145 4145 25 25 
1374 
395 
200 
188 
0 
100 
6203 
| 3153 [ 4153 [4153 [OT 90 90 
| 3154 [4154 4isg T0090 100 
4155 4155 of 0 
| 3156 [4156 [4156 J 0 
| 3158 | 4158 | 4158 [OT 120 
4159 4159 ) 0 
4161 4161 25700[_ «25700 25700 
51 
4166 4166 80 63 
3169 4169 4169 0 0 0 
Maximum output during acceleration 13.5kW 29.0kW 35.4kW 
(for PS selection) 
<eBOIGOOOHVr 
Applicable amplifier (old name) SPM-15HVi SPM-30HVi SPM-30HVi 








(*2) When using the SDT signal, manually change the parameters that were automatically set. 
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C.6 


Motor model ai It 1.5/15000HV| 


ai It 3/12000HV | ai It 6/12000HV | ai Ir 6/12000HV(*4) 


SPINDLE MOTOR alt series (400V) 


ai It 8/12000HV | ai It 8/12000HV(*4) 


ai It 8/15000HV | ai It 8/15000HV(*4) 





Applicable amplifier ai SP15HV 


ai SP11HV ai SP15HV ai SP15HV 


ai SP15HV ai SP15HV 


al SP30HV ad SP30HV 





Model code 





Applicable software series and editio 


Low-speed winding chracteritics fe eee 
High-speed winding chracteritics 


5.5/7.5kW 
1500/12000min"* 


1500/1 2000min" 
3.7/5.5kW 5.5/7.5kW 
1500/12000min" |_4000/12000min" 


7.5/11kW 


1500/12000min” 
7.5/11kW 
4000/12000min" 


7.5/1 1kW 
4500/12000min" 


7.5/11/15kW 
4500/4000min“ 


7.5/11/15kW 
1500/4000min™ 





1.5/2. 2kW 
3000/15000min™ 
FS15i FS16i FS30i 


00000000 00000000 00000000 


00000000 00000000 


00000000 





3007 4007 4007 00000000 
4008 00000000 


3008 4008 


00000000 00000000 00000000 


00000000 00000000 


00000000 


is 7.5/1 1/15kW 
4000/15000min™ 

00000000 

00000000 


3009 4009 4009 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 


3010 4010 


00000001 00000001 00000001 


00000001 00000001 


00000001 00000001 





4010 00000001 
3011 4011 4011 00011001 


00011001 00011010 00011010 


00011010 00011010 


00011010 00011010 


3023 4023 4023 


267("2) 





3039 4039 4039 


0 





3040 
3041 4041 


4040 4040 


333(°2) 333(*2) 
0 0 0 0 


4(*3) 





3048 4048 


3049 4049 Ee 
3080 4080 


30 30 30 


4041 63) 
4048 


po 83) 
[-————rar a 9050 14938 3 


30 30 


30 30 





3083 4083 4083 i 
4093 


3093 4093 


0 164 0 


176 0 


240 


3100 4100 4100 1550 4030 1570 a5 1550 4000 


3101 4101 


82 51 67 


84 


81 a 





4101 33 
3102 4102 4102 7257 


3103 4103 4103 a0 
3105 4105 


2864 4626 2475 


3788 1957 


5660 2913 


[ee __ef) ef eff Se} 
4000 Zi 460 380 Zon 300 





3106 4106 


3107 4107 4107 [of __o|_J 
3108 4108 


105 
into 700 —. nC! scone isin a006 


S00 


0 


0 





3109 4109 


4108 
4109 2 25 7 5 5 


25 


25 


3110 4110 559 862 1508 569 838 646 


3111 4111 


190 190 360 


100 186 


166 282 





4111 233 
3112 4112 4112 200 


200 200 200 


200 200 


200 200 


3113 4113 4113 2000 850 750 730 950 1000 950 1100 
3114 4114 4114 [ 0 19200 19200 ) A *) ©) 


3115 4115 


100 100 100 


100 100 


100 100 





3116 4116 4116 9815 


3117 4117 4ii7_[  CSCé#QOTY 


7377 8202 8202 


8736 8737 


8703 8708 


0) 0) ) 0) 0] 


110 100 


90 90 


90 





3118 4118 4118 100 
3119 4119 4119 5 
3120 4120 4120 [| Ssi“‘(s;ésC*d 


3124_| 4124 | 4124 | 


11 13 


178 164 


10 266 


266 


176 


240 240 





3127 4127 4127 176 
4128 +" 


3128 4128 
3129 4129 4129 


0 113 


25700 25700 


0 


105 106 


25700 


25700 25700 





3130 4130 4130 sara 
4134 110 


3134 4134 


110 130 


130 


130 130 


3136 4136_[ 4136 [OPO OO 


3138 4138 





3139 4139 


olo]o} 


° 


olo]o} 


4138 1570 1550 1630 
4139 sf 84 93 


3140_|_4140_| 4140_[| of | 2475] 1957 2913] | 
a SS 7 | 7 | 


3142 4142 


° 


o|o 


7000 


5500 





4142 
3143 4143 4143 


3144_| 4144_|_41a_[ of o| 
3145 4145 


olo 


o|o 


18000 


5500 





3146 4146 


i 


o|o 


a) ©) |) 
4145 25 25 25 
4146 1508 838 984 


| 3147 | 4147 [ 4147 [OPO BT 
3148 4148 [ 4148 [OP 00200200 


3149 4149 


°o 


olo 





4149 
3150 4150 4150 


3152 4152 


730 
19200 


ofo|o 


8202 


3151 4151 4151 (omy oi 0 ot 1730 ot ro 


ofo|o 


8737 





4152 
3153 4153 4153 


3154 4154 4154 [| t~“C;is‘C‘COO*d 


ey 


o|o 


90 





3156 4156 


3158 4158 4158 [COS 
3159 4159 4159 [| sC~C=iéiSd 


3155 4155 4155 
4156 


ofolojofo|o| 
> =) 
wlolo]|s| 





eT 
4165 








3165 4165 
TW 


Maximum output during acceleration 
(for PS selection) 


13k 





Motor model (old name) «1.5/15000HVi Tt 


3/1 2000HVit a6/12000HVit 26/12000HVi t 


«8/12000HVi T «8/1 2000HVit 


8/15000HVit a8/15000HVi t 





Applicable amplifier (old name) SPM-15HVi 


(*2) When using the SDT signal, manually change the parameters that were automatically set. 





SPM-11HVi SPM-15HVi SPM-15HVi 





SPM-15HVi SPM-15HVi 





SPM-30HVi SPM-30HVi 





(*3) Set this value as the initial value of the velocity loop gain for low-speed characteristics of speed range switching. 
(*4) This setting is used when only a low-speed winding is connected without the output range being switched in the 
output range switching motor. 
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Motor model aii It 22/1 0000HV] a Ir 22/10000HV("4) 
Applicable emolifer wiSPS0HV_| ai SPSOHV 
Model code =_ ra 

Applicable software series and edition - - 
ancspeee witding chrncterntics 15/18.5kW 15/18.5kW 15/18.5/22kW 15/18.5/22kW 22/26kW 22/26kW 

1500/10000min™ | _1500/10000min™'_|_1400/4000min” 1400/4000min"' | 1500/10000min"' | _1500/10000min‘* 
Fig dpSoa winding chractonticn 15/18.5kW 15/18.5/22kW 22/26KW _ 
4000/10000min‘* 5000/12000min* 4000/10000min 

3007 4007 4007 90990000 90990000 90090000 90000000 00000000 00000000 
3008 4008 00000000 00000000 
3009 4009 00000000 00000000 
3010 4010 00000001 00000001 
3011 4011 00011010 00011010 
3012 4012 4012 10000010 10000010 70000000 10000000 10000010 10000010 
3013 4013 4013 01010000 01010000 01010000 01010000 01010000 01010000 
3019 4019 4019 (00000100 00000100 00000100 00000700 00000100 00000100 
3020 4020 10000 10000 
3023 4023 [4023 [ 400(2)P 2922) 400(*2 
3039 4039 4039 0 0 
3040 4040 4040 
3041 4041 4041 
3048 4048 [4048 TT 
3049 4049 a 
3080 4080 a Te 83 18517 
3083 4083 30 30 30 30 
3093 4093 148 0 176 0 142 0 
3100 4100 4000 1500 4600 1500 3630 1500 
3101 4101 74 84 
3102 4102 3318 1669 
3103 4103 | $e el 93 82 
3104 4104 2100 4000 
3105 4105 4105 0 0 
3107 4107 4107 0 0 
3108 4108 a 0 0 
3109 4109 0823 3 rr 25 25 
3110 4110 666 984 
3111 4111 160 270 
3112 4112 4112 200 200 120 200 200 200 
3114 4114 4114 23040 0 0 
3115 4115 a 100 100 
3116 4116 5000 4991 
3117 A1i7 a | aj eof er 90 90 
3118 4118 [4118 | p—_190] of 90 90 
3119 4119 ae 7 = [_-—_____# 50 70 
3124 4124 4124 : 0 0 0 
3127 4127 a a a CE 142 142 
3128 4128 a) *) |) 98 103 
3129 4129 Jp ree 0 0 
3130 4130 [25700] 25700 25700 
3134 4134 4134 a0 i i i39 130 130 
3136 4136 4136 30 0 
3138 4138 4138 oa ‘aes 1500 0 
3139 4139 a [4 84 0 
3140 4140 ||] sp = 1669 0 
3141 4144 |} a} 41d 82 0 
3142 4142 | | 4000 0 
3143 4143 4143 4500 5500 12000 0 
3144 4144 4144 0 0 
3145 4145 4145 35 7 25 0 
3146 446 [4146 4991337 984 0 
3147 447 4a OO 270 0 
3148 4148 [4148 200200] 200 0 
3149 4149 4149 280 440 275 0 
3151 4151 4151 100 100 100 0 
3152 41520 [4152 SSB SET 4991 0 
3153 4153 [4153 OO 90 0 
3154 4154 oop 8 90 0 
3155 4155 [4155 PO 0 0 
3156 4156 4156 0 0 
3159 4159 4159 0 0 
3161 4ier_ [4tet 2570025 700T 25700 0 
3165 4165 [4065 AO 70 0 
3166 4166 ||] jt 18517 0 
3169 4169 0 0 

Maximum output during acceleration | 5 2kW | 2kW | | 31.2kKW 31.2kKW 

Motor model (old name) a22/10000HVit | _22/10000HVit 

Applicable amplifier (old name) SPM-30HVi SPM-30HVi SPM-30HVi SPM-30HVi SPM-30HVi SPM-30HVi 








(*2) When using the SDT signal, manually change the parameters that were automatically set. 
(*3) Set this value as the initial value of the velocity loop gain for low-speed characteristics of speed range switching. 
(*4) This setting is used when only a low-speed winding is connected without the output range being switched in the 
output range switching motor. 
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C.7 


SPINDLE MOTOR iI series 








Motor model pi I 3/10000 pi I 3/10000 pi I 3/10000 pi 6/10000 pi I 6/10000 pi 1 8/8000 Bi 1 8/8000 pi 1 8/10000 pi 1 8/10000 
Applicable amplifier Bi SVSPx-5.5 pi SVSPx-11 pi SVSPx-15 pi SVSPx-11 pi SVSPx-15 pi SVSPx-11 Bi SVSPx-15 Bi SVSPx-11 Bi SVSPx-15 


Model code 


pplicable software series and editio 9D50/1 9D50/Q 9D50/Q 9D50/1 9D50/Q 9D50/1 9D50/Q 9D50/Q 9D50/Q 
2 ies 3.7kW 3.7kW 3.7kW 5.5kW 5.5kW 7.5kW 7.5kW 7.5kW 7.5kW 
Continuous rated chracteritics 0 


F Si 5.5kW 
15-min. rated chracteritics 41500/10000 









2000, 






















00! 100, 00! 
0 
1500/10000) 1500/10000. 1500/8000. 





0 100) 00! 1001 2001 00! 100) 100, 
SkW 11kw 11kw 11kw 
1500/10000m 1500/10000m 1500/8000: 1500/10000m 1500/10000) 




























































































FSOi 
4007 00000000 = = 00000000 =< 00000000 = =< = 
4008 |_| 20000000 00000000 00000000 
4009 |__| 00000000 | 090000000 | 00000000 
NS = 
4011 00011001 = = 00011001 =< 00011010 =< = = 
402 [10000000 10000000 10000000 
4013 00001100 = aa 00001100 = 00001100 = = oa 
4019 00000100 = = 00000100 = 00000100 = = = 
4020 10000 = < 10000 = 8000 = 10000 = 
es a (ee eS a eC) eam EAS TET 
4039 = = & = = om 
4041 
4049 
4080 [|e 
4083 30 = = 30 - 30 - = = 
4093 0 a - 0 pr 0 = — - 
4100 1700 = = 1550 < 1500 = =< = 
4101 90 80 85 
4102 2154 = = 2621 = 2602 - - < 
4103 72 = - 58 = 64 = = - 
4104 2500 = = 2000 = 2000 = =< =< 
Cn A = 
4106 6600 = = 5500 a 6000 = - = 
4107 0 = - 0 - 0 = = = 
4108 0 = = 0 = 0 = =< = 
4109 [BP 
4110 718 1436 2154 520 780 887 1331 887 1331 
ai 318 = = 208 = 381 = = = 
4412 200 = = 200 = 200 = = = 
A a TC) 
4114 21760 = = 0 = 0 = = = 
4115 100 = = 700 = 700 = = = 
4116 7978 = = 7395 = 8000 = = = 
a7 80 80 80 
4119 11 = = 12 = 19 = = = 
410 [OO 
Pn A | = | 
ee Se = 
4128 120 = = 115 = 78 = = = 
i © = | = 
4990 [28700 985900 9859700 
Gf pg = 
4136 0 = = 0 = 0 = = = 
Cn A | | Se 
Cn | [i | | = 
4141 = = = = rm i 
aa | 
4143 of of 
4145 py — = = S = 
Cn a | [| | Se 
LT | = = | = 
4149 = = = = = = 
4750 a = = = 
4151 = = = = = = 
4152 = = = = = = 
4153 = = = = = = 
| | 
4155 = = = = = = 
4156 = = = = = = 
4158 = = = = = = 
4159 | | ST = 
4161 = = = = = = 
4165 = = = = = = 
4166 = = = = = = 
ES ET CE | NS (EN = (EN | CEE = EY | LS TE 
Maximum output during acceleration 
Motor model (old name) 63/10000: 63/10000i 63/10000i B6/10000i B6/10000i 68/8000: 68/8000: B8/10000i B8/10000: 
Applicable amplifier (old name) SVPMx-5.5i SVPMx-11i SVPMx-15i SVPMx-11i SVPMx-15i SVPMx-11i SVPMx-15i SVPMx-11i SVPMx-15i 
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Motor model pi 1 12/7000 pil 12/8000 
Applicable amplifier Bi SVSPx-15 pi SVSPx-15 
Model code 335 343 

pplicable software series and editio: 9D50/1 9D50/Q 

: . 11kW 11kwW 
Continuous rated chracteritics 2000/7000min | 2000/8000min"' 
ae 15kW 15kW 
15-min. rated chracteritics 1500/7000min:' | 1500/8000min"* 

FS0i 
4007 00000000 = 
4008 00000000 <= 
4009 00000000 = 
4010 00010000 aa 
4011 00011010 — 
4012 10000000 <= 
4013 00001100 <= 
4019 00000100 = 
4020 7000 8000 
4023 
4039 0 <= 
4041 
4049 
4080 60 <= 
4083 30 - 
4093 0 bat 
4100 1550 = 
4101 82 4 
4102 1844 = 
4103 80 ax 
4104 3000 = 
4105 0 - 
4106 8000 = 
4107 0 = 
4108 0 = 
4109 25 bare 
4110 1031 Sa 
4111 355 = 
4112 200 - 
4113 705 <= 
4114 23040 — 
4115 100 = 
4116 6300 <- 
4117 90 <= 
4118 100 = 
4119 14 = 
4120 0 Sasi 
4124 0 <= 
4127 150 - 
4128 95 = 
4129 0 <= 
4130 25700 = 
4134 110 — 
4136 0 ao 
4138 0 <= 
4139 0 <= 
4140 0 bee 
4141 0 - 
4142 0 <= 
4143 0 <= 
4144 0 = 
4145 0 ney 
4146 0 <— 
4147 0 = 
4148 0 has 
4149 0 = 
4150 0 <= 
4151 0 = 
4152 0 = 
4153 0 - 
4154 0 <= 
4155 0 = 
4156 0 = 
4158 0 - 
4159 0 <= 
4161 0 = 
4165 0 con 
4166 0 = 
4169 0 <= 

Maximum output during acceleration 16.5kW 16.5kW 
Motor model (old name) 612/7000i 612/8000i 

Applicable amplifier (old name) SVPMx-157 SVPMx-157 
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APPENDIX _C.PARAMETER TABLE FOR EACH MOTOR MODEL 





Motor model 


Bi Ip 15/6000 Bi Ip 18/6000 





Applicable amplifier 


piSVSPx-15 | pi SVSPx-15 





Model code 
Applicable software series and editio: 
Continuous rated chracteritics 
15-min. rated chracteritics 


4007 


9050/0 9050/0 
4200/6000m 
750/6000min_|_750/6000min 

a ee 


00000000 00000000 





4008 
4009 
4010 


4011 
4012 


00010000 00010000 
00000000 00000000 
00010000 00010000 


00001010 00001010 
10000000 10000000 





4013 


00001100 00001100 





4019 


00000100 00000100 











6000 6000 
0 0 





205 218. 








4100 


750 750 





4101 


75 
30 

0 
79 


45 
30 

0 
79 





4102 


4103 
4104 


1566 


2000 





4105 


0 





4106 


4107 
4108 


7000 





4109 





4110 


4111 
4112 





4113 





4144 
4115 





417 





4124 





4130 





4139 





4142 
4143 
4144 


4145 
4146 





4147 


4148 
4149 





4150 





4151 


4152 
4153 





4154 





4155 


4156 
4158 





4159 





4161 


4165 
4166 








4169 





Maximum output during acceleration 
Motor model (old name) 
Applicable amplifier (old name) 





SPINDLE MOTOR ilr series 
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SPINDLE MOTOR oa(Ci series 
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Motor model 0.C1/6000i 0.C2/6000i 0.C3/6000i o.C6/6000i acs/6000i | ac12/6000i | aC15/6000i 
Applicable amplifier SPMC-2.2i SPMC-5.5i SPMC-5.5i SPMC-11i SPMC-11i SPMC-15i SPMC-22i 
( Ke ang | 240 (9D60/c) | 241 (9D60/C) | 242 (9DEO/C) | 243 (9DG0/C) | 244 (9DEO/C) | 245 (9D60/C) | 246 (9D60/C) 
edition) 
Output specification 
1.5/2.2 kW 2.2/3.7 kW 3.7/5.5 kW 5.5/7.5 kW 7.5111 kW 11/15 kW 15/18.5 kW 
Parameter number 3000/6000 1500/6000 1500/6000 1500/6000 1500/6000 1500/6000 1500/6000 
min min min min min min min 

FS15i FS16i 
3001 4001 00000001 00000001 00000001 00000001 00000001 00000001 00000001 
3002 4002 00000000 00000000 00000000 00000000 00000000 00000000 00000000 
3010 4010 00000000 00000000 00000000 00000000 00000000 00000000 00000000 
3011 4011 00011000 00011000 00011000 00011000 00011000 00011000 00011000 
3012 4012 00000000 00000000 00000000 00000000 00000000 00000000 00000000 
3013 4013 00001100 00001100 00001100 00001100 00001100 01010000 01010000 
3019 4019 00000000 00000000 00000000 00000000 00000000 00000000 00000000 
3020 4020 6000 6000 6000 6000 6000 6000 6000 
3040,3041 4040,4041 50 60 90 50 60 150 120 
3042~3045 4042~4045 100 100 150 100 100 250 200 
3048,3049 4048,4049 360 240 360 200 240 600 480 
3050~3053 4050~4053 600 400 600 400 400 1000 800 
3080 4080 90 75 100 80 100 100 100 
3083 4083 60 60 60 60 60 60 60 
3100 4100 3300 1700 1800 1700 1900 1700 1500 
3101 4101 100 100 100 100 100 100 100 
3102 4102 4000 2600 1800 2500 1900 1700 1750 
3103 4103 91 87 86 73 96 89 53 
3104 4104 1300 500 800 400 600 600 500 
3105 4105 100 30 30 20 20 15 10 
3106 4106 200 200 200 400 200 100 200 
3107 4107 1000 800 800 800 800 1000 600 
3108 4108 200 200 200 200 200 200 500 
3109 4109 25 25 25 25 25 25 25 
3110 4110 629 503 419 686 539 808 862 
3111 4111 75 188 147 244 202 252 262 
3112 4112 200 200 200 200 200 200 200 
3113 4113 2439 1192 1077 690 819 311 304 
3114 4114 0 0 0 0 0 0 0 
3115 4115 100 100 100 100 100 100 100 
3116 4116 10494 10580 9938 8803 8118 5000 5177 
3117 4117 90 90 32090 90 32090 32090 32090 
3118 4118 100 100 110 100 110 110 110 
3119 4119 4 8 9 14 12 31 31 
3120 4120 15 15 15 15 15 50 50 
3124 4124 0 0 0 0 0 0 0 
3127 4127 176 202 178 164 176 164 148 
3128 4128 0 0 0 0 0 0 0 
3129 4129 0 0 0 0 0 0 0 
3130 4130 100 100 100 100 100 100 100 
3131 4131 5220 12900 12900 12900 10355 5235 5235 
3134 4134 110 110 110 130 130 130 130 
Miesamur Satpat aang 2.64kW 4.44kW 6.6kW 9.0kW 13.2kW 18.0kW 22.2kW 


acceleration (for PS selection) 
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D.1 LIST OF SPINDLE ALARMS 





This section provides a list of spindle alarms. For details of the alarms 
and actions to be taken, refer to Part I, "TROUBLESHOOTING", in 
"FANUC SERVO MOTOR ai series MAINTENANCE MANUAL 
(B-65285EN)". 


LED display 
SP PS 


SP097x SP12xx Program ROM error 

SP097x SP12xx Program ROM error 

SP097x SP12xx Program ROM error 

SP0001 SP9001 Motor overheat 

SP0002 SP9002 Excessive velocity error 

SP0003 SP9003 DC link fuse blown 

SP0004 SP9004 Open phase in the converter main power supply 
SP0006 SP9005 Temperature sensor disconnected 

SP0007 SP9006 Overspeed 

SP0009 SP9009 Main circuit overload/IPM overheat 

SP0010 SP9010 Low power supply input voltage 

SP0011 SP9011 Converter: DC link overvoltage 

SP0012 SP9012 DC link overcurrent/IPM alarm 

SP0014 SP9014 Amplifier ID not registered 

SP098x SP12xx CPU internal data memory error 

SP0015 SP9015 Speed range switching/spindle switching alarm 
SP9016 RAM error 

SP0017 SP9017 Amplifier ID data error 

SP098x SP12xx Program sum check error 

SP098x SP12xx Excessive offset of the phase U current detection circuit 
SP098x SP12xx Excessive offset of the phase V current detection circuit 
SP0021 SP9021 Position sensor polarity setting incorrect 

SP0022 SP9022 Spindle amplifier current overload 

SP022x SP12xx Serial communication error 

SP0027 SP9027 Position coder disconnected 

SP0029 SP9029 Short-time overload 

SP0030 SP9030 Overcurrent in the converter input circuit 

SP0031 SP9031 Motor lock alarm 

SP0032 SP9032 Serial communication LSI RAM error 

SP0033 SP9033 Converter: DC link precharge failure 

SP0034 SP9034 Parameter data out of the specifiable range 
SP0035 SP9035 Gear ratio parameter error 

SP0036 SP9036 Error counter overflow 

SP0037 SP9037 Speed detector parameter error 

SP0041 SP9041 Position coder one-rotation signal detection error 
SP0042 SP9042 Position coder one-rotation signal not detected 
Position coder signal for differential speed mode 
disconnected 

Position sensor one-rotation signal detection error during 
thread cutting 

SP0047 SP9047 Position coder signal error 

SP9049 Overflow of converted motor speed for differential spindle 
speed control 
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Description 











































































































SP0043 SP9043 





SP0046 SP9046 








SP0049 
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Alarm No. 
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LED display 





SP0050 


16i 


SP9050 


SP 


PS 


Description 


Excessive speed command calculation value during 
spindle synchronous control 





SP0051 


SP9051 


Converter: DC link low voltage 





SP0052 


SP9052 


ITP signal error | 





SP0053 


SP9053 


ITP signal error II 





SP0054 


SP9054 


Current overload alarm 





SP0055 


SP9055 


Abnormal switching status of power leads 





SP0056 


SP9056 


Internal cooling fan stopped 





SP0057 


SP9057 


Converter: excessive deceleration power 





SP0058 


SP9058 


Converter: main circuit overload 





SP0059 


SP9059 


Converter: cooling fan stopped 





SP0061 


SP9061 


Excessive semi-closed loop/closed loop position error 
alarm 





SP0065 


SP9065 


Abnormal travel distance in magnetic pole determination 
operation 





SP0066 


SP9066 


Communication alarm between SPM’s 





SP0067 


SP9067 


Reference position return command in the EGB mode 





SP9069 


Safety speed exceeded 





SP9070 


Abnormal axis data 





SP9071 


Abnormal safety parameter 





SP9072 


Motor speed mismatch 





SP0073 


SP9073 


Motor sensor disconnected 





SP9074 


CPU test alarm 





SP9075 


CRC test alarm 





SP9076 


Safety function not executed 





SP9077 


Axis number mismatch 





SP9078 


Safety parameter mismatch 





SP9079 


Abnormal initial test operation 





SP0080 


SP9080 


Destination amplifier error in inter-spindle amplifier 
communication 





SP0081 


SP9081 


Motor sensor one-rotation signal detection error 





SP0082 


SP9082 


Motor sensor one-rotation signal not detected 





SP0083 


SP9083 


Motor sensor signal error 





SP0084 


SP9084 


Spindle sensor disconnected 





SP0085 


SP9085 


Spindle sensor one-rotation signal detection error 





SP0086 


SP9086 


Spindle sensor one-rotation signal not detected 





SP0087 


SP9087 


Spindle sensor signal error 





SP0088 


SP9088 


Cooling fan stopped of the radiator 





SP0089 


SP9089 


Sub module SM (SSM) error 





SP0110 


SP9110 


Communication error between amplifier modules 





SP0111 


SP9111 


Converter: control power supply low voltage 





SP0112 


SP9112 


Converter: excessive regenerative power 





SP0113 


SP9113 


Converter: cooling fan stopped of the radiator 





SP0120 


SP9120 


Communication data alarm 





SP0121 


SP9121 


Communication data alarm 





SP0122 


SP9122 


Communication data alarm 





SP0123 


SP9123 


Spindle switch circuit error 





SP0126 


SP9126 


Spindle speed exceeded 





SP0128 








SP9128 











Excessive speed deviation alarm on spindle synchronous 
control 
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Alarm No. LED display 
16i j SP PS 





Description 


Excessive positional deviation alarm on spindle 
synchronous control 


SP0129 SP9129 





SP0130 SP9130 Speed polarity error in torque tandem operation 
SP9135 Safety speed zero monitoring error 








SP9136 Safety speed zero monitoring mismatch 
SP0137 SP9137 Device communication error 
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Indication 


APPENDIX _D.LISTS OF ALARMS/STATE ERRORS 


LIST OF SPINDLE STATE ERRORS 


When a parameter is set incorrectly or a sequence is incorrect, the 


error LED (yellow) on 


the indicator of the spindle amplifier (SP) is 


turned on, and an error code is displayed. 
When the spindle motor malfunctions, check the error code on the 
amplifier indicator and take action according to the table below. 


Description of error state 
Although neither *ESP (emergency stop signal; there 
are two types of signals including the input signal and 
common power supply (PS) contact signal) nor MRDY 
(machine ready signal) is input, SFR (forward rotation 
signal)/SRV (reverse rotation signal)/ORCM 
(orientation command) is input. 


Check the *ESP and MRDY sequence. For MRDY, 
pay attention to the parameter setting regarding 
the use of the MRDY signal (bit 0 of parameter No. 
4001). 





Although a parameter setting (bits 3,2,1,0 of No. 4002 
= 0,0,0,0) is made to use no position sensor (to 
exercise no position control), the Cs contouring control 
command is input. 

In this case, the motor is not excited. 


Check the parameter setting. 





Although a parameter setting (bits 3,2,1,0 of No. 4002 
= 0,0,0,0) is made to use no position sensor (to 
exercise no position control), a command for servo 
mode (such as rigid tapping and spindle positioning) 
or spindle synchronous control is input. 

In this case, the motor is not excited. 


Check the parameter setting. 





Although the option parameter of the orientation 
function is not set, the ORCM (orientation command) 
is input. 


Check the parameter setting of the orientation 
function. 





Although the option parameter of the speed range 
switching control function is not set, the low-speed 
characteristics winding is selected. (RCH=1) 


Check the parameter setting of the speed range 
switching control function and also check the 
power line state check signal (RCH). 





Although the Cs contour control command is 
specified, SFR(clockwise commana) / 
SRV(counterclockwise command) is not input. 


Check the sequence. 





Although the servo mode (rigid tapping, spindle 
positioning, etc.) is specified, SFR(clockwise 
command) / SRV(counterclockwise command) is not 
input. 


Check the sequence. 





Although spindle synchronous control mode is 
specified, SFR(clockwise commana) / 
SRV(counterclockwise command) is not input. 


Check the sequence. 





Although Cs contour control mode is set, another 
mode (servo mode, spindle synchronous control, or 
orientation) is specified. 


During execution of the C-axis control command, 
do not specify another mode. Before entering 
another mode, cancel the Cs contour control 
command. 








Although servo mode (rigid tapping, or spindle 
positioning, etc.) is set, another mode (Cs contour 
control, spindle synchronous control, or orientation) is 
specified. 
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During execution of the servo mode command, do 
not specify another mode. Before entering another 
mode, cancel the servo mode. 
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Indication 


Description of error state 


Although spindle synchronous control is being 
performed, another mode (Cs contour control, servo 
mode, or orientation) is specified. 


B-65280EN/06 


Action 
During execution of the spindle synchronous 
control command, do not specify another mode. 
Before entering another mode, cancel the spindle 
synchronous control command. 





Although the orientation command is being executed, 
another mode (Cs contour control, servo mode, or 
spindle synchronous control) is specified. 


During execution of the orientation command, do 
not specify another mode. Before entering another 
mode, cancel the orientation command. 





The SFR(clockwise command) and 
SRV(counterclockwise command) signals are both 
input at the same time. 


Input the SFR(clockwise command) or 
SRV(counterclockwise command)signal. 





Although a parameter setting (bit 5 of parameter No. 
4000 = 0) is made to use no differential spindle speed 
control function, DEFMD (differential speed mode 
comman4q) is input. 


Check the parameter setting and differential speed 
mode command. 





Setting of the speed detector parameter (bits 2, 1, and 
0 of parameter No. 4011) is invalid. 
The corresponding speed detector is not present. 


Check the parameter setting. 





Although a parameter setting (bits 3,2,1,0 of No. 4002 
= 0,0,0,0) is made to use no position sensor (to 
exercise no position control), position coder method 
orientation is specified. 


Check the parameter setting and input signal. 





Although the magnetic sensor method orientation 
command is specified, another mode (Cs contouring 
control, servo mode, or spindle synchronous control) 
is specified. 


During the execution of the orientation command, 
do not specify another mode. 

Before changing the mode to another mode, 
cancel the orientation command. 





A tandem operation command was input when spindle 
synchronous control is enabled. 

Spindle synchronous control was specified when 
tandem operation is enabled. 


Input a tandem operation command after canceling 
spindle synchronous control. 

Specify spindle synchronous control after canceling 
torque tandem operation. 





A tandem operation command is input even if the 
option is not specified. 


Torque tandem control requires the CNC software 
option. Check the option. 





For successive indexing in position coder method 
orientation, an incremental operation (INCMD = 1) is 
first performed, then an absolute position command 
(INCMD = 0) is input. 


Check INCMD (incremental command). 

When specifying the absolute position command 
successively, be sure to perform absolute position 
command orientation first. 





Parameter settings are made to use both spindle 
switching and three stage speed range switching 
control. 


Check the parameter settings and input signals. 





Parameter settings for using the shortest time 
orientation function (bit 6 of No. 4018 = 0, No. 4320 to 
No. 4323 # 0) are made. 


The shortest time orientation function is unusable 
with the ai series spindle amplifier. Use orientation 
of ordinary type. 





The magnetic pole undetected state is set, but a 
command is input. 


In the magnetic pole undetected state (EPFIXA = 
0), the motor cannot be driven even if a command 
is input. Input a command in the magnetic pole 
detection completed state (EPFIXA = 1). 

While EPFSTR = 1 is set, a command is ignored 
even in the magnetic pole detection completed 
state, and this error is indicated. Upon completion 
of magnetic pole detection, set EPFSTR = 0. 








The hardware configuration disables the use of the 
spindle FAD function. 
In this case, the motor is not excited. 
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Check the model of the CNC. 





B-65280EN/06 


Indication 


APPENDIX _D.LISTS OF ALARMS/STATE ERRORS 


Description of error state 
Although SO is not specified for the speed mode, the 
parameter setting is made to enable the disturbance 
input function (bit 7 of parameter No. 4395 = 1). 


Action 
Specify SO for the speed mode before enabling the 
disturbance input function (setting bit 7 of 
parameter No. 4395 to 1). 





The hardware configuration disables the use of the 
spindle EGB function. 
In this case, the motor is not excited. 


Check the model of the CNC. 





Both the spindle FAD function and spindle EGB 
function are enabled. 
In this case, the motor is not excited. 


The two functions cannot be used at the same 
time. Enable one of the two functions at a time. 





ID information of the spindle amplifier cannot be 
obtained. 


Replace the spindle amplifier with one for which 
correct ID information is written. 





The sub module SM (SSM) is abnormal. 

*1) Disconnection of the interface signal between the 
spindle amplifier and SSM 

*2) SSM failure 


For action to be taken for this error, see Section 
1.4, "SUB MODULE SM", in Part IV. 





The current loop setting (parameter No. 4012) is 
changed. 


Check the setting of parameter No. 4012, and turn 
the power off, then on again. 





- Parameters related to inter-spindle amplifier 
communication are not set correctly. 

- Functions that cannot be used together with the 
torque tandem function are set. 


Check the parameters. 








DSCN (disconnection detection disable signal) is input 
in the state where SFR (forward rotation commana), 
SRV (reverse rotation command), or ORCM 
orientation command) is input. 
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Check the sequence. 

Do not input DSCN (disconnection detection 
disable signal) while a command for motor 
activation is input. 
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E TABLE OF I/O SIGNALS RELATED TO 
SPINDLE CONTROL 
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B-65280EN/06 APPENDIX E.TABLE OF 1/0 SIGNALS RELATED TO SPINDLE CONTROL 


E.1 oi SERIES SPINDLE 


E.1.1 — Input Signals (PMC->CNC) 


(1) Series 16: 


#7 #6 #5 #4 #3 #2 #1 #0 
[ase [oorfor| [ | | 


ts- Gosz_|_Rosi_| Rov | Rost | Rosi | Roa | Rosi_| Roa | Row | 
and. ose | Rosiz | Rov | Roez | Rosiz | Roaz | Rosiz | Roa | Rot | 


anc. Goss. L_sinoz | ssina | scnz ] [_rtaiz [ rts | rio | Rosie | 
NOTE 
*1 These signals are valid in multi-spindle control. 


Common to allaxes G029 





(2) Series 30: 


#7 #6 #5 #4 #3 #2 #1 #0 
_[ase[oorfor]  [ | | 


ts Gosz_|_Rosi_| Ro7i_| Rost | Rosi | Roa | Rosi_| Roa | Row | 
anc. ose |_Rowiz | Rov | Roez | Rosiz | Roaz | Rosiz | Roaz | Rot | 


s- goss. [snp | ssw | sen | | ria | ri | rior | roo | 
and. Goss. L_sinoz | ssina | scnz ] [_rtaz [ rts | rio | Rosie | 
NOTE 
*1 These signals are valid in multi-spindle control. 


Common to allaxes G029 
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(3) Series 15: 


(4) Common to CNCs 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


151 
G227 
G235 


G226 
G234 


G229 
G237 


G228 
G236 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


161 
G070 
G074 


GO071 
G075 


G072 
G076 


G073 
G077 


G005 
G067 
G071 








Tawa [ mea] RGA | Ria 
Pare | res | mse | mus | ene | mvs | ene | ros | 


riscnal | | rtiza | ritta | ritoa | isa | risa | 
isons] | [nize | ie | ritos | ree | ries | 
| | saa | csza | esta] | | ssa 
| [esas | csze [css] | | ssh 


#7 #6 #5 #4 #3 #2 #1 #0 
[urova Toncwa] sea | save [otha | erin | ruwna | roma | 
furove forcwe| sere | save [ome | eras [rune | rum | 


Prewe | este | wres [scene [wcrwe | sess | “espe | ans | 


fRonncalurinica] wowpaT ovRA [bEruDAT waRoA | ROTAA | mDxA | 
rcunce|rwncs| wowpa| ovr [perwoa|wrros | Rovas | woxe | 


[sens sonst wore] sve] 
PE Fosens sonstsl wrors | sive |_| 
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APPENDIX E.TABLE OF I/O SIGNALS RELATED TO SPINDLE CONTROL 


E.1.2 Output Signals (CNC->PMC) 


(1) Series 16: 


(2) Series 30: 


F001 
FOO7 
F022 
F023 
F024 
F025 


F034 


F036 
F037 
F044 


FO65 


F076 
F094 


F001 
FOO7 
FO22 
F023 
F024 
F025 


F034 


F036 
F037 
F044 
F065 
FO76 
F094 


ser_[ seo] sae | sze | sor | sos | sos | sxe | 
ets? ie | S| 
[raao | nore | rose | nos | 00 | noo | roo | roto | 
aes a am 

|__| vent [rsren[rsrsv[rscsc| 


RGSPP 
a a ad 
eo 

bee ed 


oy GR10 
i a 
[raao | nore | rose | aso | noo | roo | roo | 
ares a) se 
|_| __ [event [rsren[rsesy [recs 


a a ae a 
ee ce 
een es oe ad 





NOTE 
“1 These signals are valid with the M series only. 
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(3) Series 15: 


Common to all axes 
Common to all axes 
Common to all axes 
Common to all axes 
Common to all axes 
Common to all axes 


Common to all axes 


Common to all axes 


1st- 
2nd- 
1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


F008 
F020 
F021 
FQ22 
F023 
F040 
F045 
F064 
F068 


F067 
F071 
F155 


F010 
F320 
FO11 
F321 


F014 
F324 


F015 
F325 


F234 
F250 


F235 
F251 


F341 
F342 


a a ee i ee 
| | sesroyf | | | 


[ova [ Rosa | ROSA | Rosa | Roza | Roza | ROW | Rom | 
Trorsa | nova | notea | rotza | rorta | rorta | rovoa | noon | 


Tunva [wren | wea [ wren | wasn | wren | wria | wren | 
Pune [ wres | wase | wees | wea | wea | wre | woe | 
Tunasa [wntan | wren [wmraa | weria [wioa | anon | wren | 
Purase [untae [werae | werae [were [wrioe | woe | wes | 


[ssrova] ssroea] sspoea] sePoea] seven] sapoza sepia [serpon| 


Serb a[ssroraalssporaalssporaa|ssporvalsspoi0a] sspoen [ssroea| 
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(4) Common to CNCs 


15i 161 30: #7 #6 #5 #4 #3 #2 #1 #0 

















ts F290 rows ros ||| ecsrena] =| | 
and F24eFosa2osz | | | fcsrens] =] S| | 
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E.2 «Ci SERIES SPINDLE 


E.2.1 Input Signals (PMC->CNC) 


(1) Series 16: 


G027 


G028 
G029 
G030 
G032 
G033 
G038 
G061 


(2) Series 30: 


G027 


G028 
G029 
G030 
G032 
G033 
G038 
G061 


#7 #6 #5 #4 #3 #2 #1 #0 
ee i ee 
(*1) (*1) (*1) (*1) 
a 


eal 3 
[see [sor fom] | | | 


| Rosi_| ro7i_| rosi_| Rosi_| Roa | Rosi_| Rozi | Rot | 
| sino | ssw | son | | riz | rim | rio | roo | 
| | srs [sesvo] | 
a ee ee ee 


NOTE 
*1 These signals are valid in multi-spindle control. 





ed 

pe eee 4 
(_[sse[som[or] | | | 
Tosi [on | rosi | rosi | roa | ros: | roa | row 





“1 These signals are valid in multi-spindle control. 
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(3) Series 15: 


Common to allaxes GO005 
G067 
G071 





#6 


RIOB 


rw 
Tries | 
rw 
rs | 


RI8A 
RI8B 


(4) Common to CNCs 
15i 161 30 #7 #1 #0 
M 


1st- G227 G070 G070 


#4 #3 #2 
MRDYA | ORCMA SRVA | CTH1A | CTH2A | TLMHA were 
RDYB | ORCMB SRVB | CTH1B | CTH2B | TLMHB eye 


ARSTA 
ARSTB 





2nd- G235 G074 G074 








1st- G226 G071 G071 


2nd-  G234.--«G075.—Ss G75 
icmp | ad 









































2nd-  G237 -G076 ~—s«G O76 INCMDB| OVRB NRROB | ROTAB | INDXB 
1st G228 +~«G073.—Ss«G073 | MPOFA | | | 
2Qnd- G236 +G077_~—~«GO77 MPOFB ie = | 








NOTE 
*1 The signal functions of the «Ci series differ from 


those of the ai series. For details, see Chapter 3, 
"10 SIGNALS (CNC <> PMC)", in Part Ill. 
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E.2.2 Output Signals (CNC->PMC) 


(1) Series 16: 


(2) Series 30: 


F001 
FOO7 
F022 
F023 
F024 
FO25 


F034 


F036 
F037 
F044 


FO65 


F076 
F094 


F001 
FOO7 
FO22 
F023 
F024 
F025 


F034 


F036 
F037 
F044 
F065 
FO76 
F094 


ser _[ soo] sae | see | sor | sos | sos | sxe | 
ets? ie | S| 
[raao | nore | rose | nos | 00 | noo | roo | roto | 
aes a am 

|__| vent [rsren[rsrsv[rscsc| 


RGSPP 
a a ad 
eo 

bee ed 


oy GR10 
i a 
[raao | nore | rose | aso | noo | roo | roo | 
ares a) se 
|_| __ [event [rsren[rsesy [recs 


a a ae a 
ee ce 
een es oe ad 





NOTE 
“1 These signals are valid with the M series only. 
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(3) Series 15: 


Common to all axes F008 
Common to all axes F020 
Common to allaxes F021 
Common to all axes F022 


Common to all axes F023 


Commontoattaxes Foo | | | | rap | || 
Commontoaiaxes Foas | | |srsroy] | | | ST 


F064 
F068 
F067 
F071 





Common to all axes F155 











1st- F341 
2nd- F342 
(4) Common to CNCs 


15i 16i 30: #7 #6 #5 #4 #3 #2 #1 #0 


1st- F231 F047 F047 | | INCSTA | PC1DTA 
2nd- F247 F051 F051 | INCSTB | PC1DTB 
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E.3 BiS SERIES SPINDLE 


E.3.1 Input Signals (PMC->CNC) 


(1) Series 16: 


#7 #6 #5 #4 #3 #2 #1 #0 
[ase [oorfor| [ | | 


ts os2_{_rost_| Rov! | Roe | Rosi | Ros | Rosi | Roa | Row | 
and. Gos4_ | Rosi2 |} Rovi2 | Rosi2 | Rosi2 | Rosi2 } Rosi2 | Rozz | Rot2 | 


anc. Goss. L_sinoz | ssina | scnz] [raz [ rt | rio | Rose | 
NOTE 
“1 These signals are valid in multi-spindle control. 


Common to all axes G029 





(2) Series 30: 


#7 #6 #5 #4 #3 #2 #1 #0 
[ase [oorfoe]  [ | | 


ts Gos2_{_rosi_| Rov! | Roe | Rosi_| Ros | Rosi | Roa | Rot _| 
and. Go34 | Rosi2 | Rovi2 | Rosi2 | Rosi2 | Rosi2 } Rosi2 | Rozz | Rot2 | 


s- oss. (Tsp | ssw | son | | riz | rin | rior | root 
ana. Goss. [_sinoz | ssina | scnz] [ta [ rt | rio | Rosie | 
NOTE 
“1 These signals are valid in multi-spindle control. 


Common to allaxes G029 
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(3) Series 15: 


Common to all axes 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


(4) Common to CNCs 


151 161 
1st- G227 G070 
2nd- G235 G074 
1st- G226 G071 
2nd- G234 G075 
1st- G229 G072 
2nd- G237 G076 
1st- G228 G073 
2nd- G236 G077 


G005 
G067 
G071 


G024 


G232 


G025 
G233 


G026 
G272 





Tria [ mea | Rua [naa [ wea] waa] Rina | Rin | 
Pare | mee | mee | rvs | ros | ae | ane | roe | 


riscnal | | rtiza | ritta | ritoa | isa | risa | 
isons] | [nize | ie | ritos | ree | ries | 


| esaa | ose | sia] | | ssa 
| esas [ csze [csi] | | srste a 


#7 #6 #5 #4 #3 #2 #1 #0 
[anova Toncwa] sea | save [otha | erin [ruwna | rum 
Purove forcws| seme | save [ore | eras [rune | rum | 


Esra [ARSTA, 
espe [anste. 


[newoa] ovka [oerwoa] wRROA[ ROTAA | INDXA | 


[arama] | [osena [sonsia[ wor] [sd 
ferars| | [osens [sorsual wor} | 
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E.3.2 Output Signals (CNC->PMC) 


(1) Series 16: 


(2) Series 30: 


F001 
FOO7 
F022 
F023 
F024 
FO25 


F034 


F036 
F037 
F044 


FO65 


F076 
F094 


F001 
FOO7 
FO22 
F023 
F024 
F025 


F034 


F036 
F037 
F044 
F065 
FO76 
F094 


ser _[ soo] sae | see | sor | sos | sos | sxe | 
ets? ie | S| 
[raao | nore | rose | nos | 00 | noo | roo | roto | 
aes a am 

|__| vent [rsren[rsrsv[rscsc| 


RGSPP 
a a ad 
eo 

bee ed 


oy GR10 
i a 
[raao | nore | rose | aso | noo | roo | roo | 
ares a) se 
|_| __ [event [rsren[rsesy [recs 


a a ae a 
ee ce 
een es oe ad 





NOTE 
“1 These signals are valid with the M series only. 
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(3) Series 15: 


Common to all axes 
Common to all axes 
Common to all axes 
Common to all axes 
Common to all axes 
Common to all axes 


Common to all axes 


Common to all axes 


1st- 
2nd- 
1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


F008 
F020 
F021 
FQ22 
F023 
F040 
F045 
F064 
F068 


F067 
F071 
F155 


F010 
F320 
F11 
F321 


F014 
F324 


F015 
F325 


F234 
F250 


F235 
F251 


F341 
F342 


as ee a i ee ee a 
| | sesroyf | | | 


[ova [ Rosa | ROSA | Rosa | Roza | Roza | ROW | Rom | 
Forse | nova | notea | rotza | rorta | rorta | rovoa | noon | 


Tunva [wren | wea [ wren | wasn | wren | wria | wren | 
Pune [ wres | wase | wees | wea | wea | wre | woe | 
Tunasa [wntan | wren [wmraa | weria [wioa | anon | wren | 
Purase [untae [werae | werae [were [wrioe | woe | wes | 


[ssrova] ssroea] sspoea] sePoea] seven] sapoza sepia [serpon| 


Serb a[ssroraalssporaalssporaa|ssporvalsspoi0a] sspoen [ssroea| 
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(4) Common to CNCs 


1st- 
2nd- 


1st- 
2nd- 


1st- 
2nd- 


15i 
F229 
F245 


F231 
F247 


F230 
F246 


16i 
F045 
F049 


F047 
F051 


F048 
F052 


30: 
F045 
F049 


F047 
F051 


F048 
F052 









#7 #6 #5 #4 #3 #2 #1 #0 
Toraral tia [uoraa | uoia] sara | sora | esta | Ama | 


| | | exora |sorenal | ncsta [porpta 
| | | exore Jsorens] [nests [rctors: 


7) 
rerrxs | | —esrena|saena] | | 








70a 
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OBSERVING DATA USING THE SERVO 


GUIDE 





Using the servo adjustment tool, SERVO GUIDE, enables you to 
observe internal data for the spindle. 

This Appendix F describes the spindle data that can be observed using 
the SERVO GUIDE. It also presents examples of observed data. Refer 
to FANUC SERVO GUIDE OPERATOR’S MANUAL (B-65404EN) 
online help for detailed explanations about how to use the SERVO 
GUIDE. 
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FA 


B-65280EN/06 


SERIES AND EDITIONS OF APPLICABLE SPINDLE 


SOFTWARE 


9D50 series B(02) edition or later 
9DS53 series A(01) edition or Itaer 
9D70 series A(01) edition or later 
9D80 series A(01) edition or later 
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F.2 SPINDLE DATA THAT CAN BE OBSERVED USING THE 
SERVO GUIDE 





F.2.1 Data List 


The following table lists the spindle data that can be observed using 

the SERVO GUIDE. 
Data type Description Description 
Motor speed 
Motor current amplitude 
Torque command 
Motor speed command 
Speed deviation 
Move command for an individual communication cycle 
Position error 9D50 series 11 edition or later” 
Position error (CNC) 
Synchronous error 9D50 series 11 edition or later” 
Position error at orientation 
Orientation sequence data 
Cumulative position feedback value 
Cumulative position feedback value 
Move command for an individual position loop 
Position error 2 
Position error 2 (CNC) 9D50 series 11 edition or later” 
Speed command data from the CNC 
Spindle speed 9D50 series 11 edition or later” 
Spindle control signal 1 
Spindle control signal 2 
Spindle control signal 3 9D50 series 11 edition or later” 
Spindle status signal 1 
Spindle status signal 2 
Spindle flag 1 9D50 series 11 edition or later” 
Spindle position data 9D50 series 12 edition or later” 
Load meter data 9D50 series 11 edition or later” 
Spindle load torque (unexpected disturbance torque detection function) |9D50 series 11 edition or later j 
Frequency of a disturbance torque command (disturbance input 
function) 
Gain (disturbance input function) 9D50 series 11 edition or later” 
Motor winding temperature 9D50 series 11 edition or later” 
Feedback differential data on the motor side (for amplitude ratio/phase 
difference compensation adjustment) 
Feedback differential data on the spindle side (for amplitude 
ratio/phase difference compensation adjustment) 
A/D value of motor sensor phase A 9D50 series 11 edition or later” 
A/D value of motor sensor phase B 9D50 series 11 edition or later” 
A/D value of spindle sensor phase A 9D50 series 11 edition or later” 
A/D value of spindle sensor phase B 9D50 series 11 edition or later” 
DC link voltage 9D50 series 11 edition or later” 
Semi-closed loop/closed loop difference 
(Dual position feedback function) 



















































































9D50 series 11 edition or later " 











9D50 series 11 edition or later ” 





9D50 series 11 edition or later " 




















9D50 series 11 edition or later ” 
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Data type 
SMERR Positional deviation on the semi-closed loop side Oped sense 11 edition oF laieet 
(Dual position feedback function) 


NOTE 


*1 Valid with 9D53 series 03 edition or later, valid with 9D70 series 02 edition or later, 
and valid with 9D80 series 01 edition or later 

*2 Valid with 9D53 series 04 edition or later, valid with 9D70 series 03 edition or later, 
and valid with 9D80 series 01 edition or later 

*3 To observe data marked with *1 and *2, Servo Guide Ver. 3.0 or later is needed. 





F.2.2 About the Spindle Speed Control and Spindle Status Signals 


As stated in the previous item, the SERVO GUIDE can be used to 
observe the PMC signals (spindle speed control signals 1 and 2 and 
spindle status signals | and 2) used by the spindle. 

Listed below is the data configuration for spindle speed control signals 
1 and 2 and spindle status signals 1 and 2. Refer to Chapter 3 for 
explanations about each signal. 


(a) Spindle speed control signal 1 (SPCT1) 
#15 #14 #13 #12 #11 #10 #9 #8 
| RcH | rst_| wre | socn | mcen | sps._| *esp_| arst_| 
#7 #6 #5 #4 #3 #2 #1 #0 
| mroy | orcm | srr | srv_[ ctui | ctn2 | tomy | tm | 
(b) Spindle speed control signal 2 (SPCT2) 
#15 #14 #13 #12 #11 #10 #9 #8 
PT sen [sorse{ mpor [| 
#7 #6 #5 #4 #3 #2 #1 #0 
| RCHHG | menHc | incmp | _ ovr | vermp | nrro | Rota | INDx_| 
(c) Spindle speed control signal 3 (SPCT3) 


#15 #14 #13 #12 #11 #10 #9 #8 


#7 #6 #5 #4 #3 #2 #1 #0 


(d) Spindle status signal 1 (SPST1) 
#15 #14 #13 #12 #11 #10 #9 #8 
PT sts | crn [ RcHp | crin_ [| cHP_| 
#7 #6 #5 #4 #3 #2 #1 #0 
(e) Spindle status signal 2 (SPST2) 
#15 #14 #13 #12 #11 #10 #9 #8 
a ee ee = ee ee 
#7 #6 #5 #4 #3 #2 #1 #0 
Pt eXor [soren{ | incst | ecipr | 
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F.3 EXAMPLE OF OBSERVING DATA 





(1) Synchronous error and motor speed in rigid tapping 


‘pulse? 
a/mind 


Draw: SYNG 
Draw2: SPEED 





Time (msec) 


DRAW1 : SYNC (Synchronous error) 
DRAW2 : SPEED (Motor speed) 


(2) Motor speed and orientation sequence in orientation 


¢-) 


a/mind 


Draw1: SPEED 
Draw2: ORSEQ 





DRAW1 : SPEED (Motor speed) 
DRAW2 : ORSEQ (Orientation sequence) 
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(3) Spindle speeds and synchronous error in spindle synchronous 
control 
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Draw ,2: SPSPD 
Draw3: SYNG 


DRAWI1, 2 : SPSPD (Spindle speed S1 and S82) 
DRAW3 : SYNC (Synchronous error) 


(4) Motor speed and estimated load torque data 


DRAW1: SPEE 


DRAW2 -DTRQ © 


Draw1: SPEED 
Draw2: DTRQ 


' ' ' 

' ' ' ' ' 

‘ ' 

' ' 1 ' ' 

' ' ' ' ' 

' ' ' ' ' 

' ' ' ' ' 
ro e = } bs a 


Time (msec) 





DRAW1 : SPEED (Motor speed) 
DRAW2 : DTRQ (Estimated load torque) 
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(5) Phase A/B feedback signal of aiBZ sensor 


Vip) 


Draw1,2: PA2,PB2 





Time (msec) 


DRAW1I : PA2 (Phase A signal of a separate aiBZ sensor) 
DRAW? : PB2 (Phase B signal of a separate aiBZ sensor) 


(6) Spindle position data and one-rotation signal 


(CH1.B0) 
(deg) 


Draw: SFLG1 
Draw2: SPPOS 





Time (msec) 


DRAWI, 2 : SPPOS (Spindle position data) 
DRAW3 : SFLG#0 (FGRD: One-rotation signal detection flag) 
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(7) Adjustment of amplitude ratio/phase difference compensation data 
(a) Before adjustment (No.4357=0, No.4358=0) 


SFBDF (N4357=0 N4358=0) 
M3518 






(deg) 
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Re ee eee ee ee eee eee eee oer oe 


lett Relietetatin beledeleted aieteleed Rete teted teleedeted ieteteted Delttetate beleatetel siete 


Drawl: SFBDF 


(b) After adjustment (No.4357=-2, No.4358=-2) 


SFBDF (N4357=-2 N4358=-2) 
M3518 


(dee) 


wee Terese qe eer epe rere esse geese epesee pes esgqeresepecse 


ES eer Para Poe Ae ee PNR Seaene ee) POE ewes Spears 


Alt et li cil Vr k's ns, tk ek i rll mn ai 


SPOTS Cee ge wes epee Teese geese epesee yo ooeqesceepeces 


Drawl: SFBDF 


DRAW1 : SFBDF (Spindle feedback difference data) 
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(8) Measurement of frequency characteristics using the disturbance 
input function 
(a) XTYT display 





BS 
Gs 
ot 
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oD 
B54 
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(b) X-Y display 
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DRAWI : FREQ (Frequency in the disturbance torque command) 
DRAW? : GAIN (Gain) 
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(9) Observation of spindle status signals 





36009 
=EmGG 30000 
fgg 
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Time (msec? 
DRAW1 : SPEED (Motor speed) 
DRAW2 : SPST1#1 (SST: Speed zero detection signal) 
DRAWS3 : SPST1#2 (SDT: Speed detection signal) 
DRAW4 : SPST1#3 (SAR: Speed arrival signal) 


iT 
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PARAMETER SPECIFICATION 
DIFFERENCES BETWEEN THE ai 


SERIES AND aCi SERIES 





This appendix describes the parameter specification differences 
between the a series and aCi series. 

The specifications of some parameters differ between the ai series and 
aCi series. For example, some identical parameter numbers do not 
specify the same functions. Take care at the time of the parameter 
setting. 
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G.1 


4000#1 


PARAMETERS WITH DIFFERENT MEANINGS 


4000#1 


Contents 


B-65280EN/06 





ai series 


Spindle rotation direction when a positive (+) move 
command is specified on Cs contouring control 


aCi series 


Unused (Set to 0.) 





4000#3 


4000#3 


Return direction for the reference position on Cs 
contouring control mode 


Unused (Set to 0.) 





4002#4 


4002#4 


Whether to use the rotation direction signal 
(SFR/SRV) function on Cs contouring control 


SM pin output data selection 





4002#7 


4002#7 


Whether to use the CMR (servo mode Cs contouring) 
function on servo mode 


Unused (Set to 0. 





4003#3 


4003#3 


Rotation direction during spindle orientation 





4004#2 


4004#2 


Setting of external one-rotation signal 


) 
Unused (Set to 0.) 
Unused (Set to 0.) 





4004#3 


4004#3 


Setting of external one-rotation signal 


Unused (Set to 0.) 





4005#0 


4005#0 


Unused (Set to 0.) 


Setting of the velocity feedback method 





4009#0 


4009#0 


Increment system of velocity loop gain 


Unused (Set to 0.) 





4010#0 


4010#0 


Motor sensor type 


Unused (Set to 0.) 





4010#1 


4010#1 


Motor sensor type 


Unused (Set to 0. 





4010#2 


4010#2 


Motor sensor type 


Unused (Set to 0. 





4011#0 


4011#0 


Teeth number setting of motor sensor 


Unused (Set to 0. 





4011#1 


4011#1 


Teeth number setting of motor sensor 


Unused (Set to 0. 





4011#2 


4011#2 


Teeth number setting of motor sensor 





4012#7 


4012#7 


Setting of spindle HRV function 


Unused (Set to 0. 





4013#7 
4014#0 


4013#7 
4014#0 


Setting of a PWM carrier for low-speed characteristics 
area 


Whether to use the spindle switch function 


Unused (Set to 0. 
Unused (Set to 0. 





4014#2 


4014#2 


Whether to check both spindle switch main and sub 
magnetic contactor contacts 


) 
) 
) 
) 
Unused (Set to 0.) 
) 
) 
) 
) 


Unused (Set to 0. 





4014#3 


4014#3 


Whether to check both magnetic contactor contacts 
for high-speed characteristics/low-speed 
characteristics in speed range switching 


Unused (Set to 0.) 





401446 


4014#6 


Whether to use the orientation function on spindle 
synchronous control 


Unused (Set to 0.) 





4016#4 


4016#4 


Setting related to control characteristics on Cs 
contouring control/servo mode 


Unused (Set to 0.) 





4016#5 


4016#5 


Whether to detect the alarms (SPM alarms 82, 83, 85, 
86) related to position feedback (in Cs contouring 
control mode) 


Unused (Set to 0.) 





4018#5 


4018#5 


Whether to use the velocity command compensation 
function during high-speed orientation 


Unused (Set to 0.) 





4018#6 


4018#6 


High-speed orientation function 


Unused (Set to 0.) 





4019#4 


4019#4 


Setting of the function for switching from high-speed 
characteristics to low-speed characteristics with the 
speed detection signal SDT = 1 at speed range 
switching 


Unused (Set to 0.) 





4021 


4021 


Maximum speed on Cs contouring control mode 


Unused (Set to 0. 





4027 


4027 


Load detection level 2 


Unused (Set to 0. 





4028 


4028 


Limited output pattern 


Unused (Set to 0. 





4029 


4029 


Output limit 


Unused (Set to 0. 





4030 


4030 


Soft start/stop time 


Unused (Set to 0.) 





4038 


4038 


Spindle orientation speed “” 


Spindle orientation speed *” 





4039 


4039 


Slip compensation gain 


Unused (Set to 0.) 





4046 


4046 


Velocity loop proportional gain on Cs contouring 
control (High) 


Unused (Set to 0.) 





4047 


4047 


Velocity loop proportional gain on Cs contouring 
control (Low) 


Unused (Set to 0.) 





4054 


4054 


Velocity loop integral gain on Cs contouring control 
(High) 


Unused (Set to 0.) 





4055 








4055 





Velocity loop integral gain on Cs contouring control 
(Low) 
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Contents 





ai series 


Rate of change in position gain upon completion of 
orientation / Acceleration limitation ratio at 
deceleration time 


aCi series 


Acceleration limitation ratio at deceleration time 





Position gain on Cs contouring control (High) 


Acceleration/deceleration constant (High) 





Position gain on Cs contouring control (Medium High) 


Acceleration/deceleration constant (Medium High) 





Position gain on Cs contouring control (Medium Low) 


Acceleration/deceleration constant (Medium Low) 





Position gain on Cs contouring control (Low) 


Acceleration/deceleration constant (Low) 





Motor speed limit value on orientation 


Unused (Set to 0.) 





Reserved (Set to 200.) 


Gear switch timer 





Motor voltage on Cs contouring control 


Gear ratio parameter setting error alarm (SPM alarm 
35) detection level 





Overspeed level 


Unused (Set to 0.) 





Rate of change in position gain during reference 
position return on Cs contouring control 


Unused (Set to 0.) 





Value displayed on load meter at maximum output 


Unused (Set to 0.) 





Disturbance torque compensation constant 
(acceleration feedback gain) 


Unused (Set to 0.) 





Adjusted output voltage of load meter 


Unused (Set to 0.) 





Feedback gain of spindle speed 


Unused (Set to 0.) 





Base speed limit ratio 


Compensation data for resistance 





Current loop proportional gain ©” 


Current loop proportional gain ©” 





Unused (Set to 0.) 


Current loop integral gain 





Current loop integral gain 


D-axis current loop gain 





Unused (Set to 0.) 


Q-axis current loop gain 





Velocity at which the current loop integral gain is zero 


Q-axis current deviation limitation coefficient 





Slip compensation coefficient for a high-speed 
zone/slip compensation coefficient at deceleration 


Unused (Set to 0.) 





Dead-band rectangular wave component zero 
voltage/dead-band data 


Dead-band compensation data 





Secondary current coefficient for rigid tapping 


Unused (Set to 0.) 





Time constant for velocity detecting filter (on Cs 
contouring control) 


Dead-band compensation hysteresis 





Grid shift during Cs contouring control mode | 
(2-word) 


Unused (Set to 0.) 





Motor acceleration at deceleration time (High) 


Acceleration at orientation deceleration time (High) 





Motor acceleration at deceleration time (Medium 
High) 


Acceleration at orientation deceleration time (Medium 
High) 





Motor acceleration at deceleration time (Medium Low) 


Acceleration at orientation deceleration time (Medium 
Low) 














Motor acceleration at deceleration time (Low) 


NOTE 
*1 The name is identical, but the specification differs 


partly. 
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Acceleration at orientation deceleration time (Low) 
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PARAMETER SPECIFICATION 
DIFFERENCES BETWEEN THE ai 
SERIES AND BiS SERIES 





This appendix describes the parameter specification differences 
between the a series and BiS series. 

The specifications of some parameters differ between the ai series and 
BiS series. For example, some identical parameter numbers do not 
specify the same functions. Take care at the time of the parameter 
setting. 
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H.1 


PARAMETERS WITH DIFFERENT MEANINGS 


NOTE 


The parameters marked with (*1) have the same 
name but their specifications partly differ from each 


other. 





151 16i 30: Contents 





ai series 


BiS series 











































































































3006#2 | 4006#2 | 4006#2 | Increment system of spindle speed Unused (Set to 0.) 
3006#4 | 4006#4 | 4006#4 | Reserved Sets the d-phase current command. 
3007#5 | 4007#5 | 4007#5 | Whether to detect a feedback signal disconnection" Pp pethento ar tectn terdback sgnaldlsconnecen 
3007#7 | 4007#7 | 4007#7 | Reserved Magnetic pole detection start signal selection 
3008#3 | 4008#3 | 4008#3 | Reserved Sets the current command. 
3008#5 | 4008#5 | 4008#5 | Reserved Setting for using the sub module SM 
3008#6 | 4008#6 | 4008#6 | Reserved Reference magnetic pole position selection 
3009#5 | 4009#5 | 4009#5 | Reserved Setting related to magnetic flux reduction speed 
% Setting of whether to drive the synchronous built-in 
3012#6 | 4012#6 | 4012#6 | Unused (Set to 0.) spindle motor 
3012#7 | 4012#7 | 4012#7 | Setting of spindle HRV function Setting of spindle HRV function 
301347 | 4013#7 | 4013#7 Setting ofa PWM carrier frequency for low-speed Unused (Set to 0.) 
characteristics area 
3014#0 | 4014#0 | 4014#0 | Whether to use the spindle switch function Unused (Set to 0.) 
o Whether to check both spindle switch main and sub 
3014#2 | 4014#2 | 4014#2 magnetic contactor contacts Unused (Set to 0.) 
Whether to check both magnetic contactor contacts for 
3014#3 | 4014#3 | 4014#3 | high-speed /low-speed characteristics in speed range Unused (Set to 0.) 
switching 
3015#2 | 4015#2 | 4015#2 | Whether to use the speed range switching function Unused (Set to 0.) 
3015#3 | 4015#3 | 4015#3 | Whether to use the spindle tandem function Unused (Set to 0.) 
3016#4 | 4016#4 | 4016H#4 Setting related to control characteristics on Cs contouring Unused (Set to 0.) 
control/servo mode 
3017#0 | 4017#0 | 4017#0 This parameter sets speed integration operation when Unused (Set to 0.) 
differential spindle speed control is exercised. 
Setting of the function for switching from high-speed 
3019#4 | 4019#4 | 4019#4 | characteristics to low-speed characteristics with the speed Unused (Set to 0.) 
detection signal SDT = 1 at speed range switching 
3024 | 4024 | 4024 | Zero speed detection level (SST) °" Zero speed detection level (SST) °” 
3039 4039 4039 | Slip compensation gain Unused (Set to 0.) 
3080 4080 4080 Regenerative power limit for high-speed zone/regenerative Regenerative power limit 
power limit 
F Current ratio/motor stop confirmation time in 
3083 4083 4083 | Motor voltage on velocity control mode magnetic pole detection operation 
3084 4084 4084 | Motor voltage on orientation AMR offset 
3085 4085 4085 Aen voltage on servo mode/spindle synchronous control AMR offset fine adjustment 
3086 4086 4086 | Motor voltage on Cs contouring control Inductance ratio 
3097 4097 4097 | Feedback gain of spindle speed Unused (Set to 0.) 
3102 4102 4102 | Excitation voltage saturation speed at no-load Base speed 
3103 4103 4103 | Base speed limit ratio Magnetic flux reduction speed at maximum load 
3109 4109 4109 Filter time constant for processing saturation related to the Unused (Set to 0.) 
voltage command 
3111 4111 4111 | Secondary current coefficient Maximum current constant 
3113 4113 4113 | Slip constant Current constant for magnetic flux reduction 
3114 4114 A114 Slip compensation coefficient fora high-speed zone/slip Unused (Set to 0.) 
compensation coefficient at deceleration 
Counter electromotive voltage compensation 
3116 4116 4116 | Motor leakage constant constant for magnetic flux reduction speed at 

















maximum load 





- 739 - 


G.PARAMETER SPECIFICATION DIFFERENCES BETWEEN THE ai SERIES AND Bis SERIES _APPENDIX 


B-65280EN/06 





4117 


4117 


Contents 





ai series 


Regular-time voltage compensation coefficient for 
high-speed zone/regular-time motor voltage coefficient 


Interference voltage compensation constant for 
magnetic flux reduction speed at maximum load 





4118 


4118 


Acceleration-time voltage compensation coefficient for 
high-speed zone/acceleration-time motor voltage coefficient 


Unused (Set to 0.) 





4119 


4119 


Deceleration-time excitation current change time 
constant/excitation current change time constant 


Interference voltage compensation 





4128 


4128 


Compensation coefficient between the specification and true 
base/maximum torque curve compensation coefficient 


Unused (Set to 0.) 





4129 


4129 


Secondary current coefficient for rigid tapping 


Unused (Set to 0.) 





4130 


4130 


Current loop proportional gain speed coefficient/current 
phase delay compensation coefficient 


Current phase delay compensation coefficient 





4136 


4136 


Motor voltage on velocity control mode 


Unused (Set to 0. 





4137 


4137 


Motor voltage on servo mode/spindle synchronous control 
mode 


Unused (Set to 0. 





4138 


4138 


Base speed of motor output specifications 


Unused (Set to 0. 





4139 


4139 


Output limit for motor output specifications 


Unused (Set to 0. 





4140 


4140 


Excitation voltage saturation speed at no-load 


Unused (Set to 0. 





4141 


4141 


Base speed limit ratio 


Unused (Set to 0. 





4142 


4142 


Current loop proportional gain 


Unused (Set to 0. 





4143 


4143 


Current loop integral gain 


Unused (Set to 0. 





4144 


4144 


Velocity at which the current loop integral gain is zero 


Unused (Set to 0. 





4145 


4145 


Filter time constant for processing saturation related to the 
voltage command 


Unused (Set to 0. 





4146 


4146 


Current conversion constant 


Unused (Set to 0. 





4147 


4147 


Secondary current coefficient 


Unused (Set to 0. 





4148 


4148 


Criterion level for saturation related to the voltage 
command/PWM command clamp value 


Unused (Set to 0. 





4149 


4149 


Slip constant 


Unused (Set to 0. 





4150 


4150 


Slip compensation coefficient for a high-speed zone/slip 
compensation coefficient at deceleration 


Unused (Set to 0. 





4151 


4151 


PWM command clamp value at deceleration 


Unused (Set to 0. 





4152 


4152 


Motor leakage constant 


Unused (Set to 0. 





4153 


4153 


Regular-time voltage compensation coefficient for 
high-speed zone/regular-time motor voltage coefficient 


) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 


Unused (Set to 0. 





4154 


4154 


Acceleration-time voltage compensation coefficient for 
high-speed zone/acceleration-time motor voltage coefficient 


Unused (Set to 0.) 





4156 


4156 


Slip compensation gain 


Unused (Set to 0.) 





4157 


4157 


Time constant for changing the torque (TCMD filter time 
constant) 


Unused (Set to 0.) 





4158 


4158 


Compensation coefficient between the specification and true 
base/maximum torque curve compensation coefficient 


Unused (Set to 0.) 





4159 


4159 


Secondary current coefficient for rigid tapping 


Unused (Set to 0.) 





4161 


4161 


Current loop proportional gain speed coefficient/current 
phase delay compensation coefficient 


Unused (Set to 0.) 





4163 


4163 


Integral gain of velocity loop during cutting feed on Cs 
contouring control mode (Low) 


Unused (Set to 0.) 





4165 


4165 


Deceleration-time excitation current change time 
constant/excitation current change time constant 


Unused (Set to 0.) 





4166 


4166 


Regenerative power limit for high-speed zone/regenerative 
power limit 


Unused (Set to 0. 





4168 





4168 


Current overload alarm detection level 


Unused (Set to 0. 





4176#0 


4176#0 


Rotation direction relationship between the spindle and 
motor 


Unused (Set to 0. 





4176#4 


4176#4 


Return direction for the reference position on servo mode 


Unused (Set to 0. 





4177#0 


4177#0 


Whether to use MRDY (machine ready) signal 


Unused (Set to 0. 





4177#3 


4177#3 


Mounting direction of the magnetic sensor 





4177#4 


4177#4 


Mounting direction of the spindle sensor 


Unused (Set to 0. 





4178#0 


4178#0 


Spindle sensor type 


Unused (Set to 0. 





4178#1 


4178#1 


Spindle sensor type 


Unused (Set to 0. 





4178#2 


4178#2 


Spindle sensor type 








4178#3 








4178#3 





Spindle sensor type 
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) 
) 
) 
) 
) 
Unused (Set to 0.) 
) 
) 
) 
) 
Unused (Set to 0.) 


( 
Unused (Set to 0. 
( 
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Contents 





ai series 


BiS series 





Whether to use the rotation direction signal (SFR/SRV) 



























































































































































3178#5 | 4178#5 | 4178#5 finction omeeniomade Unused (Set to 0.) 
3179#0 | 4179#0 | 4179#0 | Spindle orientation method Unused (Set to 0.) 
3179#2 | 4179#2 | 4179#2 | Rotation direction during spindle orientation Unused (Set to 0.) 
3179#3 | 4179#3 | 4179#3 | Rotation direction during spindle orientation Unused (Set to 0.) 
3179#4 | 4179#4 | 4179#4 | Teeth number setting of spindle sensor Unused (Set to 0.) 
3179#5 | 4179#5 | 4179#5 | Teeth number setting of spindle sensor Unused (Set to 0.) 
3179#6 | 4179#6 | 4179#6 | Teeth number setting of spindle sensor Unused (Set to 0.) 
3179#7 | 4179#7 | 4179#7 | Teeth number setting of spindle sensor Unused (Set to 0.) 
3180#2 | 4180#2 | 4180#2 | Setting of external one-rotation signal Unused (Set to 0.) 
3180#3 | 4180#3 | 4180#3 | Setting of external one-rotation signal Unused (Set to 0.) 
3182#1 | 4182#1 | 4182#1 | Increment system of gear ratio Unused (Set to 0.) 
3182#2 | 4182#2 | 4182#2 | Increment system of spindle speed Unused (Set to 0.) 
3182#5 | 4182#5 | 4182#5 | Setting of analog override range Unused (Set to 0.) 
3182#7 | 4182#7 | 4182#7 Hien . Serena arbitrary gear ratio (CMR) Unused (Set to 0.) 
3183#5 | 4183#5 | 4183#5 | Whether to detect a feedback signal disconnection Unused (Set to 0.) 
Whether to detect the alarms (spindle alarms 41, 42, 47, 81, 
3183#6 | 4183#6 | 4183#6 | 82, 83, 85, 86, and 87) related to the position feedback Unused (Set to 0.) 
signal (when Cs contouring control mode is not set) 
3184#4 | 4184#4 | 4184#4 | Setting of output limitation method Unused (Set to 0.) 
3185#0 | 4185#0 | 4185#0 | Increment system of velocity loop gain Unused (Set to 0.) 
3185#2 | 4185#2 | 4185#2 etal cul Gonieke cs when spindle alarm 24 (serial / Unused (Set to 0.) 
3185#4 | 4185#4 | 4185#4 cane seen A reat ate signals (LDT1,LDT2) | Unused (Set to 0.) 
3185#6 | 4185#6 | 4185#6 | Analog override type Unused (Set to 0.) 
3186#0 | 4186#0 | 4186#0 | Motor sensor type Unused (Set to 0.) 
3186#1 | 4186#1 | 4186#1 | Motor sensor type Unused (Set to 0.) 
3186#2 | 4186#2 | 4186#2 | Motor sensor type Unused (Set to 0.) 
3187#0 | 4187#0 | 4187#0 | Teeth number setting of motor sensor Unused (Set to 0.) 
3187#1 | 4187#1 | 4187#1 | Teeth number setting of motor sensor Unused (Set to 0.) 
3187#2 | 4187#2 | 4187#2 | Teeth number setting of motor sensor Unused (Set to 0.) 
3187#3 | 4187#3 | 4187#3 | Number of motor poles Unused (Set to 0.) 
3187#4 | 4187#4 | 4187#4 | Setting of maximum output during acceleration/deceleration | Unused (Set to 0.) 
3187#7 | 4187#7 | 4187#7 | Number of motor poles Unused (Set to 0.) 
3188#0 | 4188#0 | 4188#0 | Setting of PWM carrier frequency Unused (Set to 0.) 
3188#1 | 4188#1 | 4188#1 | Setting of PWM carrier frequency Unused (Set to 0.) 
3188#2 | 4188#2 | 4188#2 | Setting of PWM carrier frequency Unused (Set to 0.) 
3189#2 | 4189#2 | 4189#2 | Current dead-band data Unused (Set to 0.) 
3189#3 | 4189#3 | 4189#3 | Current dead-band data Unused (Set to 0.) 
3189#4 | 4189#4 | 4189#4 | Current dead-band data Unused (Set to 0.) 
3189#5 | 4189#5 | 4189#5 | Current dead-band data Unused (Set to 0.) 
3189#6 | 4189#6 | 4189#6 | Current dead-band data Unused (Set to 0.) 
3189#7 | 4189#7 | 4189#7 a ner frequency for low-speed Unused (Set to 0.) 
3192#3 | 4192#3 | 4192#3 | Setting of the smoothing function in feed-forward control Unused (Set to 0.) 
3192#4 | 4192#4 | 4192#4 | Setting related to control characteristics on servo mode Unused (Set to 0.) 
stezis | veo | aroaae | ee deer te li ind Sars fo) saree | unused (Seto 0) 
3192#7 | 4192#7 | 4192#7 eg ei ae one-rotation signal before | (jnused (Set to 0.) 
3193H0 | 4193#0 | 4199H0 | iterential spindle speed contol is exereised. (Unused (Set to 0.) 
3193#7 | 4193#7 | 4193#7 Soros deen? Stop state ie Postion Unused (Set to 0.) 
3194#5 | 4194#5 | 4194#5 jit compensation function | Gnused (Set to 0.) 
3194#6 | 4194#6 | 4194#6 | High-speed orientation function Unused (Set to 0.) 
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ai series 


BiS series 



























































































































































3195#2 | 4195#2 | 4195#2 | Whether to use torque clamp at zero speed Unused (Set to 0.) 
Setting of the function for switching from high-speed 
3195#4 | 4195#4 | 4195#4 | characteristics to low-speed characteristics with the speed Unused (Set to 0.) 
detection signal SDT = 1 at speed range switching 
3195#7 | 4195#7 | 4195#7 | Automatic parameter setting function (16: /30i) Unused (Set to 0.) 
3196 4196 4196 | Maximum motor speed Unused (Set to 0.) 
3197 4197 4197 | Speed arrival detection level (SAR) Unused (Set to 0.) 
3198 4198 4198 | Speed detection level (SDT) Unused (Set to 0.) 
3199 4199 4199 | Zero speed detection level (SST) Unused (Set to 0.) 
3200 | 4200 | 4200 | Limited torque (TLMH, TLML) Unused (Set to 0.) 
3201 4201 4201 | Load detection level 1 (LDT1) Unused (Set to 0.) 
3202 4202 4202 | Limited output pattern Unused (Set to 0.) 
3203 4203 4203 | Output limit Unused (Set to 0.) 
3204 4204 4204 | Stop position of position coder method orientation Unused (Set to 0.) 
3205 4205 4205 | Spindle orientation speed Unused (Set to 0.) 
3206 4206 4206 aa loop proportional gain on velocity control mode Unused (Set to 0.) 
3207 4207 4207 a loop proportional gain on velocity control mode Unused (Set to 0.) 
3208 4208 4208 | Velocity loop proportional gain on orientation (High) Unused (Set to 0.) 
3209 4209 4209 | Velocity loop proportional gain on orientation (Low) Unused (Set to 0.) 
3210 4210 4210 | Velocity loop proportional gain on servo mode (High) Unused (Set to 0.) 
3211 4211 4211 | Velocity loop proportional gain on servo mode (Low) Unused (Set to 0.) 
3212 | 4212 | 4212 (ion HAG ERa La” Melony Pontel mode Unused (Set to 0.) 
3213 4213 4213 aie integral gain on orientation (common to High Unused (Set to 0.) 
3014 4214 4214 re integral gain on servo mode (common to High Unused (Set to 0.) 
3216 4216 4216 | Gear ratio (High) Unused (Set to 0.) 
3217 4217 4217 | Gear ratio (Low) Unused (Set to 0.) 
3218 4218 4218 | Position gain on orientation (High) Unused (Set to 0.) 
3219 4219 4219 | Position gain on orientation (Low) Unused (Set to 0.) 
Ordinary orientation: Rate of change in position gain upon 
4200 ||| 4290" | -agaq: | Completion ef-onientation entree Unused (Set to 0.) 
High-speed orientation: Rate of change in position gain upon 
completion of orientation 
3221 4221 4221 | Position gain on servo mode (High) Unused (Set to 0.) 
3222 4222 4222 | Position gain on servo mode (Low) Unused (Set to 0.) 
3223 4223 4223 | Grid shift on servo mode Unused (Set to 0.) 
3226 4226 4226 | Detection level for orientation completion signal (ORAR) Unused (Set to 0.) 
3227 4227 4207 Ordinary SHeMiauen: Motor speed limit value on orientation Unused (Set to 0.) 
High-speed orientation: Reserved 
3228 4228 4228 | Orientation stop position shift Unused (Set to 0.) 
3229 4229 4229 | MS signal constant Unused (Set to 0.) 
3230 4230 4230 | MS signal gain adjustment Unused (Set to 0.) 
3231 4231 4231 ie power limit for high-speed zone/regenerative Unused (Set to 0.) 
3232 4232 4232 | Delay time until motor power is cut off Unused (Set to 0.) 
3233 4233 4233 | Setting of acceleration/deceleration time Unused (Set to 0.) 
3234 4234 4234 | Spindle load monitor observer gain 1 Unused (Set to 0.) 
3235 4235 4235 | Spindle load monitor observer gain 2 Unused (Set to 0.) 
3236 4236 4236 | Motor voltage on velocity control mode Unused (Set to 0.) 
3237 4237 4237 | Motor voltage on orientation Unused (Set to 0.) 
3238 4238 4238 | Motor voltage on servo mode Unused (Set to 0.) 
3239 4239 4239 postpaid eee gain during reference position Unused (Set to 0.) 
3240 4240 4240 | Feed-forward coefficient Unused (Set to 0.) 
3241 4241 4241 | Feed-forward coefficient of velocity loop Unused (Set to 0.) 
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3243 4243 4243 and spindle (High) Unused (Set to 0.) 
3044 4244 4244 Numerator of arbitrary gear ratio between motor sensor and Unused (Set to 0.) 
spindle (High) 
3045 4245 4245 ae gear ratio between motor sensor Unused (Set to 0.) 
3246 4246 4246 Numerator of arbitrary gear ratio between motor sensor and Unused (Set to 0.) 
spindle (Low) 
3254 4254 4254 | Slip compensation gain Unused (Set to 0.) 
3255 4255 4255 | Slip compensation gain Unused (Set to 0.) 
3256 4256 4256 | Base speed of motor output specifications Unused (Set to 0.) 
3257 4257 4257 | Output limit for motor output specifications Unused (Set to 0.) 
| 3258 4258 4258 | Excitation voltage saturation speed at no-load Unused (Set to 0.) 
3259 4259 4259 | Base speed limit ratio Unused (Set to 0.) 
| 3260 4260 4260 | Current loop proportional gain Unused (Set to 0.) 
3261 4261 4261 | Current loop integral gain Unused (Set to 0.) 
| 3262 4262 4262 | Velocity at which the current loop integral gain is zero Unused (Set to 0.) 
| 3263 4263 4263 Gee ae for processing saturation related to the Unused (Set to 0.) 
3264 4264 4264 | Current conversion constant Unused (Set to 0.) 
3265 4265 4265 | Secondary current coefficient Unused (Set to 0.) 
S206 | A208 | A288. | imandeWMtcommanddaidie” Unused (Set to 0.) 
3267 4267 4267 | Slip constant Unused (Set to 0.) 
3268 | 4268 | 4268 | compensation coefficient at deceleration” __ | Unused (Set o 0. 
3269 4269 4269 | PWM command clamp value at deceleration Unused (Set to 0.) 
3270 4270 4270 | Motor leakage constant Unused (Set to 0.) 
ger} | dart. | aed |Reaulcine sags somenestin eCPM || Wnused (ek 00) 
3272 | 4272 | 4272 | \ohspeed zonelacceleration time motor voltage cosrfcient _| Unused (Set to 0.) 
3273 4273 4273 Dae for changing the torque (TCMD filter time Unused (Set to 0.) 
3274 4274 4274 | Value displayed on load meter at maximum output Unused (Set to 0.) 
3275 | 4275 | 4275 | pecelmaximum torque curve compensation coefficient | Unused (Set to 0.) 
3276 4276 4276 | Secondary current coefficient for rigid tapping Unused (Set to 0.) 
277 | 4277 | 4277 | nase delay compensation coeficient | Unused (Set to 0.) 
3278 4278 4278 | Time constant for velocity detecting filter Unused (Set to 0.) 
3279 4279 4279 | Value displayed on load meter at maximum output Unused (Set to 0.) 
a ee eee Unused (Seto 0) 
3281 4281 4281 | Spindle load monitor torque constant Unused (Set to 0.) 
3282 4282 4282 | Spindle load monitor torque constant Unused (Set to 0.) 
3283 4283 4283 | Spindle load monitor torque constant Unused (Set to 0.) 
3284 4284 4284 | Motor voltage on velocity control mode Unused (Set to 0.) 
3285 4285 4285 | Motor voltage on servo mode Unused (Set to 0.) 
3286 4286 4286 | Base speed of motor output specifications Unused (Set to 0.) 
3287 4287 4287 | Output limit for motor output specifications Unused (Set to 0.) 
3288 4288 4288 | Excitation voltage saturation speed at no-load Unused (Set to 0.) 
3289 4289 4289 | Base speed limit ratio Unused (Set to 0.) 
3290 4290 4290 | Current loop proportional gain Unused (Set to 0.) 
3291 4291 4291 | Current loop integral gain Unused (Set to 0.) 
3292 4292 4292 | Velocity at which the current loop integral gain is zero Unused (Set to 0.) 
3293 4293 4293 Seana: for processing saturation related to the Unused (Set to 0.) 
3294 4294 4294 | Current conversion constant Unused (Set to 0.) 
3295 4295 4295 | Secondary current coefficient Unused (Set to 0.) 
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3296 4296 2206 command/PWM command clamp value Unused (Set to 0.) 

3297 4297 4297 | Slip constant Unused (Set to 0.) 

3298 4298 4298 Slip compensation coefficient fora high-speed zone/slip Unused (Set to 0.) 
compensation coefficient at deceleration 

3299 4299 4299 | PWM command clamp value at deceleration Unused (Set to 0.) 

3300 4300 4300 | Motor leakage constant Unused (Set to 0.) 

3301 4301 4301 Regular-time voltage compensation coefficient for Unused (Set to 0.) 
high-speed zone/regular-time motor voltage coefficient 

3302 4302 4302 Acceleration-time voltage compensation coefficient for Unused (Set to 0.) 
high-speed zone/acceleration-time motor voltage coefficient 

3303 4303 4303 Time constant for changing the torque (TCMD filter time Unused (Set to 0.) 
constant) 

3304 4304 4304 Compensation coefficient between the specification and true Unused (Set to 0.) 
base/maximum torque curve compensation coefficient 

3305 4305 4305 | Secondary current coefficient for rigid tapping Unused (Set to 0.) 
Current loop proportional gain speed coefficient/current 

3306 4206 4306 phase delay compensation coefficient Unused (Set to 0.) 

3307 4307 4307 Regenerative power limit for high-speed zone/regenerative Unused (Set to 0.) 
power limit 

3308 4308 4308 Deceleration-time excitation current change time Unused (Set to 0 
constant/excitation current change time constant . 

3309 4309 4309 | Motor model code Unused (Set to 0. 

3310 4310 4310 | Motor overheat detect level (2-word) Unused (Set to 0. 

3324 4324 4324 | Motor acceleration at deceleration time (High) Unused (Set to 0. 

3325 4325 4325 | Motor acceleration at deceleration time (Low) Unused (Set to 0. 

3327 4327 4327 | Acceleration limitation start speed at deceleration time (High) | Unused (Set to 0. 

3329 4329 4329 ce multiplication for spindle orientation by position Unused (Set to 0. 

3331 4331 4331 | Acceleration limitation start speed at deceleration time (Low) | Unused (Set to 0. 

3335 4335 4335 | Number of motor sensor arbitrary teeth Unused (Set to 0. 

3347 4347 4347 | Master-slave speed difference state signal output setting Unused (Set to 0. 

3348 4348 4348 | Current overload alarm detection level Unused (Set to 0. 


3349 


4349 


4349 


Temperature monitoring time constant 


Unused (Set to 0. 





3350 


4350 


4350 


Current overload alarm detection level 


Unused (Set to 0. 





3353#1 


4353#1 


4353#1 


Velocity feedback signal setting in torque tandem operation 


Unused (Set to 0. 





3353#2 


4353#2 


4353#2 


Relationship of master/slave motor rotation directions in 
torque tandem operation 


Unused (Set to 0. 





3360 


4360 


4360 


Preload value 


Unused (Set to 0. 





3365 


4365 


4365 


Load meter compensation 1 


Unused (Set to 0. 





3366 


4366 


4366 


Load meter compensation 2 


Unused (Set to 0. 





3367 


4367 


4367 


Load meter compensation 3 


Unused (Set to 0. 





3373#1 


4373#1 


4373#1 


Setting of the peak hold function for load meter output 


Unused (Set to 0. 





3376 


4376 


4376 


Load meter compensation 1 


Unused (Set to 0. 





3377 


4377 


4377 


Load meter compensation 2 


Unused (Set to 0. 





3378 


4378 


4378 


Load meter compensation 3 


Unused (Set to 0. 





3379 


4379 


4379 


Load meter compensation 1 


Unused (Set to 0. 





3380 


4380 


4380 


Load meter compensation 2 


Unused (Set to 0. 





3381 


4381 


4381 


Load meter compensation 3 


Unused (Set to 0. 





3398#3 


4398#3 


4398#3 


Whether to use the twin drive function 


Unused (Set to 0. 





33986 


4398#6 


4398#6 


Whether to detect a speed polarity error (spindle alarm dO) in 
torque tandem operation 


Unused (Set to 0. 





3443 


4443 


4443 


Feed-forward coefficient of velocity loop 


Unused (Set to 0. 





3467#2 


4467#2 


4467#2 


Setting of the detection lower limit of the one-rotation signal 


Unused (Set to 0. 





3467#3 


4467#3 


4467#3 


Setting of the fine acceleration/deceleration (FAD) function 





3467#4 


4467#4 


4467#4 


Acceleration/deceleration type of fine 
acceleration/deceleration (FAD) 


) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 


( 

( 
Unused (Set to 0. 
Unused (Set to 0. 





3467#5 





4467#5 





4467#5 





Whether to detect the alarm related to spindle sensor polarity 
erroneous setting 
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346846 | 4a68He | 4468H#6 Triggering of the disturbance input function (vibration 


application function) Unused (Set to 0.) 





3468H7 | 4468H7 | 446847 Setting of the disturbance input function (vibration application 

















function) Unused (Set to 0.) 
3481 4481 4481 | Feed-forward timing adjustment coefficient Unused (Set to 0.) 
3486 4486 4486 | Feed-forward coefficient of velocity loop Unused (Set to 0.) 
Primary delay time constant in dual position feedback [in 
3520 4520 4520 servo mode] Unused (Set to 0.) 
3501 45214 4521 Hae amplitude in dual position feedback [in servo Unused (Set to 0.) 
3522 4522 4522 | Dual position feedback zero width [in servo mode] Unused (Set to 0.) 





3523 4523 4523 Excessive semi-closed loop/closed loop position error alarm 


detection level [in servo mode] Unused (Set to 0.) 
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